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A GUIDE 


TO THE 

OLD INDIAN OBSERVATORIES 


CHAPTEK I. 

Jai Singh oi’ Jaipur. 

Maharaja Sawai Jai Siiigli II of Jaipur waa horn 
ill A.D. 1080^ and fsuccccdccl to tlio Amber territory 
at the age of thirteen in A.i). 1G99, a few years before 
the death of Auraiigzeb. Ho had difficulties in estab- 
lishing himself, hut in 1708 obtained complete posses- 
sion of the province. In 1719 lie was appointed by 
Muhammad Shah governor of the province of Agra 
and soon after to Malwa. In 1734 he was again governor 
of Malwa and in that year, apparently rvith the cogni- 
zance of the Emperor, he resigned the province to the 
Peshwa. He died in 1743, two hundred years after 
Copernicus, and “ his wives, concubines, and science 
expired with him on his funeral pyre.”* 

* The year in which Newton’s Principia was completed. 

“ Annals and Ajitiquities of Bajasl’han. By Lieutenant-Colonel 
James Tod, 1829, Vol. ii, p. 368. 
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2 A atriDE TO THE OLD OBSEBVATOBIBS 


Jai Singli mixed ia moat of tb.o trouble and warfare 
of the long period of anarchy that ooinoided wifcli his 
reign ; but ho distuiguished himself more as a statesman 
than a soldier and has been termed tlio Machiavclli 
of his day. Ho was the founder of a now capital, 
named after him Jainagar or Jaipur, which in lii.s time 
bcoanio a centre of learning ; he erected caravansarais 
in many of tie provinces ; and he built astronomical 
obseiwatorie,s at five of the principal eiturs of Hindu- 
stan. Ho conceived and carried out a. schciiu*. of 
scientific research that is still a notaldo cxaiii[>Io ; 
anil his influence is still a living one. The ohserva- 
tories he erected arc, hi the words of Jus historian, 
"inomiments that irradiate a dark period of Indian 
History.”^ 

At an early ago Jai Singh .showed a jircdilectiou for 
astronomical work and, according to his own account, 
by constant .study ho obtained a tJiorough knowledge 
of its principles and rules. He found the a,stronoinioal 
tables in use defective and set liimsolC tlm task of pre- 
paring new ones. With this purpose in view ,Tai Singh 
took every means bo ensure success. Ho atfciudiofl 
himself to no paxticolar school but studied Hindu, 
Muslim and Enropcau methods impartially. Ifo col- 
lected astronomical hooks and had certain of them trans- 
lated ; he organised a regular stall of workers and sent 
some of them to foreign countries to collect information ; 
he invited certain Europeans and others interested in 
astronomy to Jaipur ; hd built a large observatory at 
Delhi and made careful observations there for seven 


1 Tod, ii, p, 360, 
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years witlr a view to tiro preparation of a new star 
catalogue ; and afterwards he huilt other observatories 
at Jaipur, Ujjain, Bejiarcs and Mathura, Such in 
brief wore his astronomical activities which we now 
proceed to describe in some detail. 


i%iirccn oj Jui Sinr/h’s astronomical knowledge. 

Of the work's of his predecessors and contemporaries 
there is evidenoe that Jai iSingli Avas acquainted Avith 
the folloAving : Ptolemy's Almagest ; the astronomical 
tab]e.s of Ulugh Beg ; some treatises on the Astrolabe ; 
La Hire’s Tabulae Astronomicac ; and Flamsteed’s 
Iluioria Oocleslis Brilannica ; also certain Avesteru 
mathematical Avorks .such as Huclid’s Elements, a 
treatise on plane and 8 ])herical trigonometry and on tire 
construction of logarithms. This, of course, cannot 
1)0 an o.Khau,sUvo list ; his valuable library no longer 
c.xi.Ht.s entire,^ and it Avould be fairly safe to assmne 
that ,lai Hingh collected and .studied all the available 
astroiiomical Avorks ; indeed it is recorded specifically 
that he ])roourcd from Europe, beside, s the tables of 
La Hire, those of curlier dates. 

The book lluit held SAvay in Eurojie for a thousand 
years after its publication, and among the Arabs for a 
thousand years after its translation, was Ptolemy’s 
Agnlaxis, commonly known as the Almagest, No other 
text-hook that has ever hecn Avritten has had such a 


1 It is said tlmt Jagg.it Singh gaA'o Jai iSinglds unrivalled library 
lo a oourtcmui : it Avas thus dospoilod and its tvoasurca distributed 
among lior “ baso relatives,” TJiis Avould aooouiit for the moagronoas 
of the information noAv availablo; but tlio tale docs not altogether 
boar the impress of truth; 
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reputation. Jai Singh himself spealcs of Ptolemy as 
one of the greatest astronomers, and one of hi.s most 
important acts was to order a trajislation from the 
Arabic of Ptolemy’s great work. This was underta ken 
by Jai Singh’s chief astronomer JagamuKh who, iji an 
introduction to the translation cntith'd ^Samnlf i-iid- 
dhdnla,^ records some intero, sting <letails. 

Jai Singh, Jagannath .sa}^, was clever iii exliihi) ing 
noAV methods with globes a.ndothe,r insinmumtiS : a nd 
that, with the help of ccjtain learned mal'lnmiatieiinis 
and astronomers, ho had made ohsciwatinjis of (.lie slai's. 
The instruments proper to an observatory are said to 
be (1) Nadi Yantra (sun-dial), (2) Uola Yajilra (sphere,), 
(3) Digarhsa Yantra (azimuth instrument), (-1) J)akh- 
shino Digbhitt (mural quadrant), (.fi) Vi'itta Slunsli- 
tariisaka (an arc of sixty degrees'placed in the jiieridiuJi) 
which, he says, “the Yavanas call (b) 

Samrat Yantra (an cipinoctial dial), ‘ the best among 
the instruniont.s,’ and (7) Jaya Pralcas ‘ the. crest jewel 
of all iustrirmeuts.’ 

Then we are told that Ja.gannatli prepared this 
excellent Siddhanla Samrdj for the delight of Jai Singli ; 
and that it is a rendering into Sanskrit for the bene/it 
of mathematicians of a work in the 7\ral)ic language 
entitled Mijdsll.^ He also tells us that “ in the Yavaua 
country, the Yavana masters of a,stronomy, Aharkhas, 
etc., found the maximum declination to bo 23 degree.s 
61 minutes 19 second.? ; and that in Yunan, 30 degrce.y 
north, it was found to he 23 degrees 61 minutes 15 

1 Anotlior title is Siddhunia idant KauHubha. Koo AuPBEOiir, 
Cat, Sans. Man. Trin. Coll,, Dublin, p. 76. 

Ptolemy’s Almagest. 
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Bcconcla l)y the obspryfitiona of Vitlaniayus. Ulngli 
Beg found it to be, 2^ degrees 30 minutes 17 seconds at 
SaniaT(jand, 3i) degrees 17 minutes north, hy observa- 
tion witJii tins instrument we found it to l)o 23 degrees 
at Indraprastlui in 1051 Rdlivilhana.”^ 

Ulugh Beg’s astronomical tables were completed 
in A.D. 143(5 and became, almost as famous as those of 
Ptohiiny, and they formed the basis of most subsequent 
cataloguoHi h’lamste.cd used them and so did Jai 
Ringli, who brought them u]) to date." 

.Tai 8ingh himself refers to La Hire’s tables and to 
otlier European tables, and in the ])alaoc, library at 
Jaii)ur is still a copy of Elamstecd’s great work. 

T*. do la Hire wa.s a French scholar of repute who 
lived from A.l). IGlOto 1718. He. wrote many matbe- 
nuifical works and in 1702 published his Tnhdac. As(ro- 
9 umwV'r/e of which the first part had ajipcared in 1087. 
This work contained, l)csldcs the usual tables, a 
refraction table (which, it is said, -Tai Singh. () 0 ])icd) 
and a. descriptioii of a macliinc invented by la .Hire 
to show tbe, tlieory of e.cli]).se.s. Another of la .TTiro’s 
works was ‘ La ( luomoni(|uo, on I'art do tracer dos 
cadnins on horologes solaires .siir toul.es sortes do 
surfaces, pa,r difbwcutes prati([ucs, avec les demonstra- 
tioiis geomeli'i(pies dc toutes les oi)e,rations.’ This 

* Cialcutl.a MS, Tlio iiatnoH arc .‘fomowliiil iHi'/zliTiK, l)ii fc Alnirklias 
in f(ir .ilipparcluiH, ViUamayus i.s for I’tolemioiiH. liy Yunan p(w- 
Hihly RluiiU'hi i.s iiKiant. The ilato Hi.'il Salivaliiuia in ('(piivalraifc to 
A. I). 1720, Imlrapraslha i.n Delhi. 

“Jai Singii’a version is given in niy larger volume (pp. 08-llC). 
fioo also Mr. E. B. Knohol’s reoent edition of Uliif/h Bag's Oaicilogne 
of Btrirs, published by liio Carnogio TiiRlitiition o[ tVanhington {1917). 
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was publisliGd in 1682 and would liavo been nscM 
to Jai Singh. 

John Plamstcecl lived from 1610 to 1720. Ilia 
Histoi'ia CoelesUs Britannica appeared in 1712, in ono 
folio volnmc, made, up of two books, tlio, lir.st eontainiiig 
the catalogue of stans and se,vfcanfc ol),servoi);io)i,s ; tlu' 
second, observations with Sliarji’s mural arc. TIk', 
complete work, consisting of three folio voliinio.s, was 
published in 1725. Flam.stced himself livinl only long 
enough to finish thesecond ofthe throe volumes. 'I'he 
third was edited by his as3i.stants flrossthwaitc and 
Sharp. It contains descriptions of the instrnmontH 
used by Tycho Brahe, Hevelius, Flamsteed himself, 
etc. ; the star catalogues of Ptolemy, Ulugh Bog, Tycslm 
Brahe, the Landgrave of Hesse and Ilcveliu.s, and, 
finally, the British catalogue of 2,925 stars. 

Undoubtedly Jai Singh pos,se.ssod otiior a.stronomical 
works, for in thejirefaceto his own catalogue he nioiitions 
several other astronomer.s by name, h'or example, 
he not only mentions Na.sir-aI-.Dui al-TusI (born A.D. 
1201) but also his commontatox (Ali b. M.) al-durgiuu. 
NasIr-al-Dm was one of the greatest Muslim a.stroiumier.s. 
He made observations at the M’aragha observatory ami 
published the famous ‘Ilkhaiiic Tables.’ Ifn wrote 
numerous works on astronomy and mathomatie.s, 
including commentaries on the works of Archimeclo.s, 
Euclid, Ptolemy, etc. 

Coupled with Na§Ir-al-Dm, Jai Singh mentions also 
Jamshid Kashi (Jarashidb. Mas'ud b. M. Ohyath al-l)in 
al-Kashi), one of Ulngh Beg’s a.ssistants, who wrote 
several works on astronomy and, particularly on tlic 
Kha(jani tables. Jai Singh also mentions al-Sufi. 
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Iltmter’- tolls tis that ho met at Ujjain a giandson 
of ,Tai Singh’s piiiici})al assistant {1 Jagaimath), “ In 
luH ]u)ascs8iou,” he writes, “ I saw tlio translation into 
Sanskrit (»C Hcv(iral Jtnropean works, executed under the 
orders of -Taisingiia, jiarticulaiiy Euclid’s Elments 
wifJi a treatise, on plane and s])hevical trigonomotry, 
and on the (amslinie.tion and use of logarithnis wliicli 
was attfielied lo (hnii's and (.'onnnautlinc's edifchui. In 
this trail, s]a,tion tlie inventor i,s called Don Jiian Napier^ 
. . . . Bo, sides those the- I’andit liad a table of 
logaritlnn.s and of logarithmic sino.s and tangents to 
seven places of tigures, and a treatise on conio sections.” 

We- are- also told tliat “ maps and gIobe.s of tho 
li'criaghees wore obtained from Snrat.”^ 

Jai iSingli did not rely altogetlicr uiion information 
contained in books. Ho sent to Europe “ several 
skilfnl persons along witli I’adrc Manuel Muhammad 
WluiriD was sent to some ])]aee wliovc “ tho southern 
])ole was overhead and Muhammad M'ahdi was sent 
to the “ further i,slands.”^ 


' iS'oHir nrcminl nf the- jUtronomkal Lahom of Jaya (Sinlut, Baja 
of A mMwrc, or Jui/nmttjur. liy W. .IIuKTiat. Asiatio Roseivi'choa, 
Voi, V., 1700 , II. roo. 

* 'riiiH Hi’iims to be Uio Hoiii'oe oC Tod’s stotemonfc that. Jn,i Singh 
eiiiiHcd ” Ihiii .Tuim Napicu' on tlio conBtriiotion imd nm of logftritlnns 
to 111! ti'iU'islivtod into SiuiHkvit.” (ii 358.) 

“A. ft. Oaioiktt and 0, Giti:.i-:ni. The Jaipur Observatory anil 
its Jiuililn, p, 20, Tn the .Jni)>iir inu.senin thore is a twro.strial gloho 
(lUrihulcid to Jiii Singli ; and for tho Iranetorenco of Ulugh Beg’s 
<io-(irdiimti'.4 into declination and right asconsion a largo and fairly 
aocumte celestial globe was used liy -Tai Singh’s assistants, 

* '.Pliero is a twialisn on the astrolabe (British Museum Adit, 
nmnusoi'iiits 2s^o. 7480) by ‘AbduT Rahim h. Muhammad Sharif 
al-Sharlf. Tho date of tho manuscript is A. H. 1105 {=A.I). 1751). 
Soo Moiioy p. 2. 

1 GABRET'r p. 20, 
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Confirmation of the expedition to Europe is found 
in tile records of the Jesuit missionaries in India. In 
1728 or 1729, we are toM,^ Jai Singli scut Eafclier 
Eigueredo, a Portuguese Jesuit, to Portugal, Also the 
same records relate that on January Gtli, 1731, two 
priests set out from Ohandernagore to Jaipur, ^ at 
Jai Singh’s request. The account® of the astrononiical 
work done by these two priests at Jaipur and on their 
journey was written, according to M. D’Anvillo,'' by 
Eathcr Boudier, one of the priests wlio made the j ourney. 
Observations were made at mosi; of the important 
places through whicli they passed. I'Jio observatories 
at Delhi and Jaijiur are mentioned but not those at 
Benares and Mathura, at both of whicli ])!aco,y they 
made astronomical observations ; and this seems to 
imply that the observatories at Benares and Mathura 
were built after their visit, which took place iu the 
early part of 1734. 

Tieileuthalcr, a French Jesuit, who landed in India 
in 1743, the year in which Jai Singli died, writes 
“ I have made three or four journeys to Agra and 
Delhi in order to visit K. P. Andre iStrobel, wlioiu 

^Lellres idijianles el airieuscn, 6crilc« de-e Min{iif)nii ilrdiiyires 
Nouvelle kliiion. Mtmoires des fiides. Tome quinziame. Tou- 
louse, 1810, pp, 2(ifl f. 

2 A journoy of over n, tUousiiml jiiiIom. 

0 Obaervulions gior/raphigues Jailes cn 17;M pur dca Tirefi Jesiii/M, 
pendasU leur voyage da Cliunderiiugor & Delhi cl a Juejmtr, p. 2(i!). 

ISeldirckacmeM i/iugmjiMques sur la Carte da Vlmte.. I’ariH 
175.3, p. 4(i, Eatlior Boiulior’a accouiil, wus not ijiilili.slmd rill 
lator, but M. iJ’Anvilto obfciiiiic<l this nuiiiii.sci'ipt from JVf, Duspre- 
menil. 

5 Description historigue el ijeoijragMgiie de I'Jwle.. Ed. hy J, 
Bornouilli, 178C, Profaoo p. C. Tlii.s work ooiitaiiis flc.soriptions of 
tlio obsorvatoiios, wliioli aro quoted below. 
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Jessing, Eaja of .Djeponr, interested in astronomy, had, 
with a companioTX, bronght from Germany.” 

The only other hhn’o[)ean connected with .Tai Singh, 
liluit we have information abont, is a J )()n Pedro do Sylva, 
who, according to .Hunter,^ was a jjliysician and aii 
UHtronoiner and resided at Jaii)iir with .'lai Singh. l)e 
Hylva, it a])])earH, died aliont A.D. I7i)2. 


Jai fiinuh'a mimnnmicdl lahlcs. 

Tlie Zvj Mnlummdd Hhdhl is a sot of astronomical 
tables i)re|)ar(!d nndor the direction of Jai Singh and 
named after the EmiJoror, Midianmiad Shah. Of this 
work thorn is an incomplete Dcvanagaii inanusori])t 
at Jai])nr, and at the Briti.sh mnse.imi is a complete 
Persian manuscript.^ Also ITimter had access to a 
Persian mamisoript and gave in his paper in the Asiatic 
Kesnarches (179!)) the, Persian ver.sion of the preface to- 
gether with <'in English translation. The latter is repro- 
duced h(',loAV. I’ho tables in both the Jaipur and British 
Mnsoiitn manuscripts arc identical, and the catalogue 
of stars is not an original ojie but is Ulugh Beg’s brought 
u]) to date. 

The Jaipur manuscript begins as follows : — 

“ Homage to holy Gane.sh. Catalogue of 48 constel- 
lations. Prom the time of Ulugh Beg’s table, A.H. 841 , 
to the ])resent date A.H. 1138, or 297 years, the mean 
motion is 4 degrees 8 minutes. In the 7Aj Muhimmicul 
Shuln the estimates of declination, etc., are taken from 

1 A.'iiatio Rpsoarohos V. 1709, p. 210. 

» 0. Hjw Catalogue of Oriental MSS. “ Add. 14373, Poll. 222." 

U 
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the globe. Eight ascension divided by six is apparent 
time.” 

The preface to the Zlj Mnfimimdd Hhnhl is, from an 
historical point of view, pcrhap.s the most; interesting 
part of that work, and i.s hero givcm in fnll.^ 

“ Praise be to God, .such that the. mimitely discerning 
genius of the profoundo.st geometers in iitterijig tJio 
.smalle,st particle of it, may open the mouth in con fe.s- 
sion of inability ; ajid .such adoration, thai; tlic .simdy 
and accuracy of a.strojioincrs wlio measure, tin; lie.avon.s, 
on the first step towards exprc.s.sing it may acknowledge 
their astonishment and utter insuilioioncy. .Let us 
devote ourselves at the altar of the Iving of lving,s-- 
liallowed be his jiame — in the book of the regi.ster of 
whose power the lofty orbs of lieavon arc only a fe^v 
leaves ; and the stars and that heavenly courser the 
sun, a small piece of money in the treasury of the eini)iro 
of the Most High. 

“ If He had not adoriicd the pages of the table of 
the climates of tlie eartli with the lijios of rivers, and tho 
characters of grasses and trees, no calculator could have 
constructed the almanac of the various kinds of seeds 
and of fruit which it contain.s. And if Ho had not 
enlightened the dark path of tlu>. elem(;nt.s witli tho 
torches of the fixed stars, the ])Ianets and the re, splendent 
sun and moon, how could it have been possible to arriv(> 
at the end of our wdshes, or to escape from thelabyrinth 
and the p]’ecipiee.s of ignorance ? 

“ From inability to cornjn-ehond the all encom])aR,si,ng 
benefi,oence of His power, Hijiparchus is au ignorant 


' Thmtor, ^'1.9. lies. V. p. 178 (, 
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clown, who wrings the luuids of vexation ; and in the 
contetnplatioii of IJis Exalted Majesty, Ptolemy is a 
bat, who can nover arrive at the su!i of truth : the 
domojiatrationa of Jiluclid are an imperfect sketch of 
tlio forms of liJs contrivance ; and tliousands of Jamshid 
Kashi, 1 or Nasir Ihisi,® in this attempt would labour in 
vain. 

“'But since, the well-wisher of the works of creation 
and the admiring spectator of the theatre of infinite 
wisdom and providence, Sawai Jai Singh,® from the 
first dawning of reason in his mind and during its pro- 
gress towards maturity, was entirely devoted to the 
study of inatheiuatical science, and the bent of his 
mind was constantly directed to the solution of its 
most diilicult problems ; by the aid of the Supreme 
Artificer he obtained a thorough knowledge of its 
])rinciple and rules. 

“ He found that the calculation of the places of the 
stars a.s obtained from tlio tables in common use, such 
as the new tables of S’aid GurganH and Klmqani, and 


‘ Jarashid b. Mo.h'uU Oliyruh al-Oin iil-Ka.'iliI was ono oi Ulugh 
Bog’s ast.roaoinors. 

Nasir al-i)in al-'jusl was born A.ir. 1201. Ilo -worliLod al Iho 
Maraglia fibsorvatory awl publishod tlio fiimons ‘ Ilkliaiilc Tablos.’ 
lie translated Euclid’s Mme.nhi and I’toloiny’s Almivjesl, and wrote 
many works on astronomy. 

“ Jai Singh writes in the third person. 

*■ Po.ssihly ‘ All b. M. n!-Saijid al-Sarif al-C4nrg5ni, who lived 
from A.iJ. l:!3i) to 1414 in iSliirtiz. and wrote a commontary on 
Nasir al-Jfwi’s Tadkim (.Soo H. Snter’s Die Malheiiiatiker und Aslio- 
notnen der Amber wid Hire lYirhe, p. 172) ; but (Jiirgaiii was a desig- 
nation of Ulugh Bog’s family, and Ulugh Bog’s tables wore somothnos 
termed tho Gurgani oaiinon [Bcu L.l’.U.A. Be(Ullot’.s Prciliyombnes 
des Tdblsu aulronomiques iVOlouej Deg. p.o. xi.v; also Ain-i-Akbari, 
(in) 20 and 41 (Jarrott’s edition) ; Akbarnanw, (i), 204 (Beveridge’s 
edition).] 

b5! 
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tlie Tasalnlat-Mula Chand^ Ahbar ShuM^ and the 
Hindu hooks, and the European tables,’' i]) very many 
cases give them >¥idely different from those determined 
by observation: especially in the iip])oiii'aiK:e of the 
new moojis, the computation does not agrtio with obseV' 
vation.” 

“ Seeing that very important affairs both regarding 
religion and the administration of empire depend njiou 
these ; and that iji the time of the rising and settijig of 
the planets, and the seasons of eclipses of tlu; snn and 
moon, many considerable disagreements of a siinilur 
nature were found — ^lio represented it to his Majesty 
of dignity and power, the sun of the firmament of 
felicity and dominion, the splendour of the foreliead 
of imperial magnificence, the unrivalled ticarl of the sea 
of sovereignty, the incomparably brightest star of tli.o 
heaven of empire, whose standard is the sim, wluise 
retinue the moon, whose lance is Mars and whose pen is 


^ Sutei (p, 06) moiitioiiH one al-KIiaqani, an iistronninor and 
asirologor, wto died in A.D. 1038 and -vylif) worked at im|)i'oving tlio 
asifonojriical faiWos, Tho Khaqaiii lft))lo3 wore HU|i|)l<im(!iitftry to 
the likiianio tables ot Nasiv al-TusI and ivoro proparod iiri<i edited 
by Jamshid al-ICiishi. 

“ “ Maulana. Oltand, the astrologer, who was possesaod of great 
aoutoiiosa and thorough dexterity in the Hoioneo of tho nstroialin, 
in the sorutinising ef aatvonomioal tables, tho oonstnuition of alnm- 
naoB and tho interpretation of tho stars, was deputed to bo in atten- 
dance at the portals of tlio cupola of cliasbity in ordor that bo might 
observe the happy timo and ascertain exactly the period of birth (of 
Akbar). He reported in writing to the exalted camp that aecnrcliag 
to altitudes taken by tlic Greek Astrolabe and by calmdations based 
on tho GurganI tables eie.” [Ahbanuima, Vol. J, 09-70. Ed. 
Beveridge). He also cast the horaseopo of .Tahaiigir in A.D. 1670 
according to the Greek cannon (iA. ii, BOG-7. See also i, BO and 
374). 

“ He is possibly referring to La Hire’s Tabulae, Astronomicae 
and Elamsteed’a Historia Ooelestis Britannica. 
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Mercury, witli atlondanfcs like Venus, wliose tlircslrold 
is fclie sky, rvliose aignet is Juiiitov, wlioso sentinel is 
Bntiu'ii — the Idinporor dcsccndoil from a long race of 
kings, an Alexander in dignity, the shadow of (lod, 
tiu) victorious king Muhammad iSliali’-*- : May ho over 
be triumiihanli in l)aUle." 

“ JJewas |)l('ased to reply, since you, wim art> loarnefl 
in the inystericH of science, luivc a perfect knowledge of 
this matter, having assembled the astronomers and 
geometricians of the faith of Islam, and the Brahmans 
and Pandits, and the astronomers of Europe and having 
prepared all the apparatus of an observatory, do yon so 
labour for the ascertaining of the point in question, 
that the disagi'oemeut between the calculated times of 
those phenomena, and the times which they are observed 
to happen, may be rectified. 

“Although, this was a niigldy task, which during a 
long period of time none of tlui powerful Jtajaa had 
jH’osecntcd ; nor amo.ug the tribes of Islam, since the 
time of the juartju' prince, whose sins are forgiven, 
Mirza Ulugh Bog. to the present, which oomjirehcnds 
a period of more tlian tlii’ci! hundred years,® Irad any 
one of the kings possessed of jiower and dignity turned 
his attention to this object. Yet to accomplish the 
exalted command he had received, he hound the girdle 
of resolution about the loins of his soul and constructed 


1 Muhammad Shflh roi},mcd from 171!)-i7-18. 

“This must have boon written boforo 173!) whon Nadir Slulli 
sacked Dollii. 


^ tJliigli Beg wa.s assas.simitod in A.D. 1-14!) while tlio Zij Mulmm- 
mail tihulit is supposed to )iavo boon publisliod in 1728, approxi- 
mately 207 Muslim yoai'.s alter. 
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here^ several of tlie iiisfcnimeJifcs of an ohsorvator}-, 
siioJa as Lad Lceii erected at iSaiuarnaud,” iigrGeiil)le 
to the Mussaliiiau books, such as 'Adt til-Hdlqa^ of lirass, 
in diameter three gaz'-^ of the lueasurc. now iu use, Uiiul 
Zat al-Sha’batuin,'' aud Zat al-Za(|iitaiu, and dads" 
Fakhri and Shanialah.'^ 

“ But finding that brass iustniuieiits ttiduotconie up 
to the ideas wliich he had Cojsued of aceiirae)'', because, 
of the smalliiess of their size,® tlie wa.iit of division 


‘ Ab Itolhi. 

^rVo have very litUo iafonnatioii alxml the (jlihcti'valiory lU 
SainaajaiKl. tfreavos stated that tl«> qiiadmiit u.seil }>y U]ug)i jk-j; 
■was as high as the siiiiiiiiit of hit. Sopliia at CJonstautiiioiilu, or about 
ISO feofc. Tho OiU'liur AJuslim astroiioimws !uid al.so (iovisod Jui.go 
instrumonbs. In A..l>. t)95 Atnil Walii usoil a nuailviuit ul radiuti 
til fuut S inolu's ! al-iChojondi usuil a Kuxtiuit witli ruiiiua t57 fool 
9 inolios. Nasir al- Din sot himsolf tlio task of jitirrocbing instru iii()nt..“i, 
etc. iSeo 8ediIlot’s I'roUtjomincs dea Tublea UHlroiiviniques d'Uuluui/- 
Bey, ji. oxxix. 

“A ring instrumoul, armilla, sithtuta armillariB— (Nallino it. 
35i!)). 

^ 3 </(/3= a foot ordinarily, but porliaps lioro a yu?.~ I da>idH=^ii feel, 
approximately, 

‘An astrolabo with two rings or parts, ft is tiiii 
uy regulaejjarallaclknn. Al-Batbani calls it tho ‘long alhidade ' 
(Jfallino i. 321). la Luidon is a MiS JJc mtiona quit iipa inulrii- 
meniiZal id-Sho’balaiii, etc., by tho oolobratod al- Kindi. iMuliaiu- 
niad bill 'fsao b. Abl ‘Abbad, Abu’l Uasan also wrutu on the 
gamo instnimont {Sutcr, pp. 23 and IS). 

“ This mu.st bo tho saiiie as tho I'dhnnhldm.^ii Yiinlrii, which, 
aooordiug to Jagaimath, “tho Yavanaa callud shudsajhari." Keu 
pages 4; and 31. 

’ Tho Jai Prakas is called skanilah by Hunter. 

« Gf. Albii'fuil Chiviioloijij of Aiicienl Kaiiunn (p. 11), who write.-, 
“ It ia impoBsibio to fix the parts of tho greatest circle by moans of 
the parts of tho sraallost circle. I rofer to tho smallnoss of tho 
instillments of observation in coiiiparison witli the vaslnoss of tiic 
bodies whicli aro to bo observed. On this subject 1 have ciilargod 
in my book called Kilab-id-Udishhad hUclililaf-ril ' omid.' L.l’.E.A 
Sedillot [p. cxxixj gives tho following iutorosting quotations : “ Hi 
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into minutes, tko shaking and wearing of their axes, 
the displacement of tlic centres of tlio circles, and 
the shifting of the planes of the instruments, he coji- 
chidecl thaii the reason rvhy the (.Ictermiuations of the 
ancicjits, hucIl as lli])parc]ius and Ptolemy, proved 
inaccurate, must have keen of this kind. 

“ Therefore he ooustructed in Diir al-Khalafat Shah 
Jahandbad,^ which is the .seat of ciu])ire and prosper- 
ity, instriiment.s of his own invention, such as J<ti. 
Fmku'n and Ram YanLra and Suwrdt Yanlra, the semi- 
diameter of winch is of eighteen cubits and one )mnui,c 
on it is a barley corn and a half® — of stone and lime 
of perfect stability, with attention to the ride.s of 
geometry and adjustment to the meridian and to the 
latitude of the place, and with care in the measuring 
and fixing of tliem, so that the inaccuracies from the 
shaking of the circles and the wearing of their axes 
ujkI displacement of their centres and the nictpiality 
of the minutes might be corrcotocl. Thus an aocurattii 
method of cojistructing an observatory wa.s establi,slicd 
and tim diiiereuoe which had existed between the 
coinputed and observed places of the fixed stars and 
planets by means of observing their mean motions and 
observations was removed. 

“And, in order to conlirm the truth of these observa- 
tions, he constructed instruments of the saine kind in 


j‘avais pu, disiiiti Ebii-Carfji, faive un corole qui s'ap)piiyat (t’un 
ooto sur Ids Pyraniidos ci, do I’autre snr lo moia Mocattam, jo I'anrais, 
fait ; oar plus i’intruniont ost grand, plus lea operations sont justo.‘j.” 

* i.e., jDollii. 

® To make tlio inuasiirenionts lit, the ouliit usuU must liavo boon 
a largo oiibit=36 angulas. 
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Sawal Jaipiu', Muttra and Bouares and Ujjaind When 
he compared these observatories, after allowing for tlie 
diflerence of longitude between the places where tliey 
stood, the observations agreed.^ 

“ Hence he determined to erect similar observatories 
in other large cities so that every person who is dovoiicid 
to those studies, whenever ho 'wislmd to ascertain the 
place of a star or the relative situatioji of ojic star to 
another, might by these iustruments observe the plieno- 
meiia.® 

“Bub seeing that in many cases it is necessary to de- 
termine past or future phenomena ; and also that iii 
the instant of their occurrence cloud or rain may ]) rovent 
the observation — or the power and opportunity of access 
to an observatory may be wanting — ho deemed it neces- 
sary that a table be constructed by means of which 
the daily places of the stars being calculated every 
year and disposed in a calendar may always be in 
readiness. 

“ In the same manner as the geometers and astro- 
nomers of autiqnity bestowed many years on the prac- 
tices of observation— thus, for the establishment of a 
certain method, after having constructed these instru- 
ments, the places of the stars were daily observed- 

^ impHos that tho Dolhi Observatory was ooraplofcod boforo 
tho others were started ; and tliat all of them wore built haforo tho 
prefaoe was written. This dates the preface after 173*1 and porhatia 
aft;orl737, ^ 

® We must accept the statcraenta about perfoot agroonioiit with 
some caution. We have very few records of Jai tiingh’s aotual 
oalculatious or observations : his value for precesmn was Sl-G" a 
year and for tho obliguity 23° 2S'' 0. 

® The project of building obsorvatorios at othox places was never 
COrlriOu ou1;> 
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“Alter seven years luid been Hi)enfc in this cmploy- 
inont inforraaLion was received tliat abonl; tliis iiino 
ohsorvatorioH had hcon constructed in Euroiud and that 
the leanied ol: that country were eiu'iiloyed in the 
])roHecution oI this ini'i)ortunt work; tliat tlio luisineBS 
oJ the ohservatory was still carryin/j; oji there and i.hat 
they were constantly lahouriuj^ to deterniiuo with accu- 
racy the HubtletloH of l.his se.icnice. 

“ Eor this reason, havin'' sent to that country seweral 
skilful persons alon/f with Padre MaiiiKd,^ and havin/:; 
prooured tlic new tahlcis which had bciui oonstnicted 
there thirty years before aiul pul)lished under the 
name Lir,“ as well as the Europe tables ani.orior to those;'* 
on examining and comparing the calculations of those 
tables with actual observatiojis it ai)peu.red tliat 
there was an error in tlui forjuer iji assigtuhig tiie moon’s 
place of half a degree. Although the error in the other 
planets was not so great, yet the times of solar and 

‘ Ui'imilicrp; (Tyelui lUulie’.i (ilmi'n'iifcry) in 1.17(1 j teidim KiMU ; 
PuriN ill()7 j (irc'tiiiwich 1{)75 ; Itirliii 1701; Ml., i’dldi'nlimy 17ll.'i ; 
LlpHiiln, 17110, olin. 

“ In 1728 liv 172!) l.iin Jlcvi-reiiil li’iiUidr l.'ij.'iu'i'edd, ii .f’lirliiiKiteHo 
JcNuil, vvcnli (.0 JOiiropc hy Uin order of Jiii Sin;;!!. i’o.SHiIdy lIuH in 
(.ho Hiimo mail. Sco lA'Mren blijiantex el curiciwes, x\'. 2(1!). 

“ La Hiro’s 'fahuhie. AHrouomienc vva.M pulilinliod in 1702. l;’al.hoi.' 
Bondinr, ivho ■wont, tn Delhi aiul ,Iai|mr in niM. aetimUy rnti'VH l.o 
l.hiH edition. Ho -writeH : “ ICii ko Kervanl. do la ineldiodo do M. do 
la Hiro, odiliion do soh tabloH 1702, ])a"o IS, on a Lronve ([iio lo oom- 
nionoemenl. do roclip.ioa Delhi loiwni’il etnilja Jtumo II iieiire.H '10 
niiimfcen 13 sooonds (lit matin, ole.” Lcitrex, eto. xv, 288. 

*We knew tliat, 'besides La. Uiro's tables, Jni Singh peHsessod 
l.lioso of Uhigli licg and Flainsteod, The latl.or’s work ciontains 
also till) tables of Tycho Braho, tlio Liiiulcravo f l(*sse, and Hoveliiia. 
Otlier possible tables aro the Tolelan Table, of lO.SO ; the Alfnnxinc 
Tables, 1252 ; liainhnhVsPrnssm/i Tables, 1.1,51 ; Kopkir’s Itwlalpliine 
Tables 1037 ; CaBsini’s tables, 1608 and lOD'd ; lialloy’s tables, 1719 ; 
otc. 
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lunar eclipses lio found to come out later or earlier 
than the truth by the fourth part of a ijhali or (iftceu 
falas?- Hence Ij.o concluded that, Hince iji Europe 
astronomical iaistruiuenta Juive not baMui couKtnuitiid 
of such a size and so large diametairH. tlie iiiol.ifms 
wlucli have been observed witli tiieiii may have diwia- 
tod a little from the truth.® 

“ Since in this place by the aid ol' the unerring Artiil- 
(!er astronomical in.stnmieuts have, lie.en e.ouHtme.tcd 
Avith all the exactness that the heart can desire and the 
motions of the stars have for a long period been oou- 
stantly observed with them, agreeal)le to ob.servalionH 
mean motions and equations rvere established ; he 
found the calculation to agree ])orfecitly with the obser- 
vation. And although to this day the. bii.siu(!.ss of tlic 
observatory is carried on, a table under the, Juuiu'. ol 
I-Es Majesty, the shadow of Uod, eonqu'elmndijig tlu'. 
most accurate rules, arid most perfect imdhods ul c.om- 
putatiou was constructed — so that, when the, jilaccs of 
the stars and the appearance of the new inoo.u.s and the 
eclipses of the sun and nroou and the cojij luuition of tJie 
heavenly bodies are coiupiited by it, they may arrive 
as near as possible at the truth, wJiicli, in faet, i.s every 
day seen and confirmed at the observatory. 

” It therefore behoveth those who excel iji this art, 
in return for so great a benefit, to ofier uj) their prayers 
lor the long continuance of tlie power and the pros- 


* 60 palas==zl gha(I='24: minutea, iiiid l.T paltm==(> miniitos. 

*The iustrumoiits used by Elanistoccl (XU-US-lVl!)) were an iron 
sexfcanii o£ 0 foot radius ; a tliroo-foot miadnuifc; a mural arc of WO 
degrees and radius 7 feet, ‘ divided with iuthorto unapproucimd 
Jiucucaoy,’ and willi wliicli all his most valuable work Avaa oxeeulud ; 
two olooks and two fcolosoopos. 
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|icrity o{ so good a Kingd the saiegiiard of the earth, 
and tluiH obtain for themselves a l)les8ing in both 
worlds.^ 

I Muhamiiiiul HliiDi died in A.I). 1748 liv« yoare iiftor tho doiitli 
(if diu SillKll. 

“ 'I'iioni ani Hdiiio |)oiiita aliniil. Hiii |)rt>fii(jo that are not quito 
iniiiHiHt.ont with caBli ollior and known finilB. Tin, tradition is that 
tha '/jlj Muhaiiiiiinil. Hlmhi was ooiniilotcd in A.D. 1728 and this ia, 
to Homo oxtciit, tjoulh'Jiiod liy llio.laipm' MS. ; tho jirofaoo was writton 
Konm tiiuo after all tin, ohaorvatorica hail been Ijinlt, that is after 
1711 1, and “ moro than 30(1 years” after (tho death of) Ulugh Bog 
1 Ulugh Hog died in A.U,. 853, and 8o3-)-3(l(M iKil! A.H.=A. II. 
1740.1 1. A logitimato coindii.sinn la that the preface was written 
Homo oonsidorablo tinnj after tho tables hud been oomplotod. 
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The Instruments. 

1. Metal instruments. 

Jai Singh Ihmself relates that he first oonstnieliecl 
ertain metal instruments ‘ agreeable to the MiiSHiiIinan 
books,’ and at Jaipur there is even now a line colleotion 
of such instriunents. The metal instrumcaits originally 
at Delhi were possibly removed to Jaipur, but i t is also 
possible that, when Delhi was sacked by Nfidii.' Shfih in 
1739, some of the portable instruments were eitlier 
destroyed or carried off. There is, indeed, evidence 
that appears to indicate that the present collectioai at; 
Jaipur does not preserve all Jai Singh’s metal inslaui- 
ments. In 1790 E. BurroAv examined an astrolabe 
“in the Eagri character, brought by Dr. M'acldnoii 
from Jaynagur and recently at Delhi I was shown a 
small brass sphere made in A.D. 1677 by the de-signer 
of the Jaipur Zarqall instrument noted below, and witli 
it three astrolabes. Tod tells us of a dial “ on the 
terrace of the palace at Oodipoor, and various instru- 
ments at Kotah and Boondi, especially an armillary 
sphere at the former, of about five feet in diameter, 
all in brass, got up under the scholars of Jey Singh.” 
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At tlie Lahore exhibition of 1864 certain brass astro- 
nomical. instrum, ents from Kapurthala and other places 
were shown ; and these included “ two fine astrolabes,” 
one, H]3herical and one piano, and several dials. .In tho 
Lalioj.'o nuiHonm is a small astrolabe of unknown his- 
tory, and in tiio Indian Museum at Oaloutta is one 
that was broiiglit from irerat, but lo.ng after Jai Singli’s 
timed 

d'ho more inpuntant of the moi;al instruments at 
Jaiimr include {a) tho astrolabe showji in jilato I, (b) an 
astrolabe dated the 31 st year of tho reign of Sliali Julian 
and A.H. 1067 (=A.D. 1657), (c) a Zarqall astrolaho 
dated tho 23i'd year of the reign, of Aurangzeb and 
A.H. 1091 (=A.D. 1680), and made for Nawilb ntikhar 
Khan of Jaunpnr by Zia al-Pin b. Mulla Qasim, astrolabe 
maker of Lahore, (d) two very large astrolabes now in 
tlu! Jaipur observatory, mie of which is sliown in 
idate I.T, (e) a graduated brass circle, 17J feetiu dia- 
meter, now in tho Jaipur observatory, and which is 
partly visible in ])late VIII, (/) two eiiuatorial circles, 
shown in plate X*'', [y) the 'Kranbivritti Yuntra shown in 
plate X'*. 

The aslrolahc. 

Of these metal instruments the astrolabe appears 
to have played a very important part in Jai Singh’s 
Avork. The Arabs perfected it at a very early date and 
it remained one of the principal astronomical Instru- 
ments until about the 17th century, and is still used 
in the east for astrological purposes. It Avas usually 

1 iTom-nal of the Asiatic Society of Bengal, 1841, X, p. 7U1, 
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of brass^ and varied in diameter from a couple of 
inches to several feet. The mariner’s astrolabe (as used 
by Columbus) was adapted from that of the astro- 
nomers about A.D. 1480, but was superseded by 
Hadley’s Quadrant of 1781. The famous scholar 
Gerbet, who afterwards became Pope Sylvester II, had 
such sldll in making astrolabes, etc., that he was 
supposed to have sold his soul to the devil. There 
are many j’eferences in mediaeval literature to the 
astrolabe. More than three centuries before Jfii Singh, 
Chaucer wrote his Treatise on the Astrolabe. “Trust 
well,” he says “ that alle the conclusions that have 
be founde, or else possibly might be founde in so 
noble an instrument as is an Astrolabe been unknowe 
parfltly to any mortal man in this rogioun, as I 
suppose.” 

The type of astrolabe principally used by Jai Singh 
was the flat astrolabe, or astrolahium planisphaerum, 
in Arabic called ^dt al-^ajaHTi (‘ consisting of tablets ’), 
an example of which is shown in Plate I. A brief descrip- 
tion of an astrolabe is here given, and for further de- 
tails the reader is referred to the larger work. 

The corpus astrolahri is a circular disc with a raised 
edge into which fit the several parts of the instru- 
ment : 

^ Gowor refers to one of gold : “ With him his astrolabo ho name, 
which was of fine gold precious, with points and oiroloa marvellous.” 

The Granada astrolabe described by H. S. Cooper (JBA8 1904, 
fiSf) has silver knobs on each pointer of the ‘ ankabut in the British 
Museum are several inlaid with silver; and others evidently had 
some sort of jewel fixed in the kursi. Gilt instruments are not 
nnoommon. 
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(i) T]io couiaiaing iliao is ttii'iucd. the Jiialer (Ar, 
vmm) and the iuiic.r •|)aj‘t of this is tlie venter, wliioli 
is often inscribed witli latitudes and longitudes of 
important cities. 

[ii) The ‘ anhibid or nrnnoa- or fc/c is an open-work 
disc marked Avitlr the coli])tic, the signs of the ;^odiuc 
and a miml)cr of stars, ft (its iji the vejite.r and can lie 
revolved. The branclie.s on whi(!h the. names of the 
stars are written and the ])oint.'i of Avliioh indicate the 
positions of the stars are termed Nhnzuya or ‘ .sjjlinters.’ 

(m) Several thin discs or tablets, marked witli 
aUuuoantarats, azimuth circles, lioiir oirclc.s, etc., for 
various latitudes, eke,, fit into the body of the a.strolabc. 

[iv) Tlu! alhidado or sightcr revolves I'ound the 
centre on the back of the astrolabe. Each arm ha.s a 
perforated libna or ‘ tile,' wliich i.s sometimes hinged on 
to tire alhidade. European astrolabes somctime.s 
have anotlier marker or label without sights, for use on 
the front of the instrument. 

{v) The tablets and alhidado, etc., are ilxed together 
by a pin (Ar. ijiitb) which is fastened by a wedge, termed 
by tlui Aralns /(ww or ' horse.' Tliis wedge is often 
fashioned into some rescniblance of a horse’s head. 

(vi) The wliohi i,s suspended by a ring (Ar. balqu) 
joined to the ‘ urwah or handle, wliicli in its turn is 
riveted to the projecting part, Icitrsi or throne, of the 
instrument. 

{mi) Tins bade of the astrolalie generally has an 
outer scale of degree.s, and certain other .scale.s. It is 
often ijiscribed with tahle.s of use to the astrologer 
and geographer ; the, details vary greatly. 
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Tlie sigliter and graduated circle on tire back of the 
astrolabe form tbe part of tko instrument used in actual 
observation ; wlule tire ‘ tablets ’ and the ‘ mhaJmt 
(wbicli rotates) and tlie graduated circle on tlic raised 
edge form a very efBcient calculating macluno. 

Most of tlie Indian asti’olabes are engraved in 
Pocaian characters, and astrolabes of any antiquity in 
irindu characters are not conrmon. At Jaipur 
there are at least two such instramouts oirgravcd in 
Devanagaii characters, hut they are comparatively 
modern. As already mentioned, in 1790 R. ."Ruitow ^ 
“ compared an astrolabe in the Nagri character (brought 
by Dr. Macldnon from Jaynagur) with Chaucer’s des- 
criptions,” and goes on to relate that ".Even the 
centre pin, which Chaucer calls ‘ the horse,’ has a 
horse’s head upon it in the instrument.” Morley® des- 
cribes two Hindu, astrolabes ; and one of the Delhi 
astrolabes referred to above is engraved in Hindu 
characters, hut it also is of very crude worlcma.nshi]) 
as compared with the Muslim instruments, j 

3. Masonnj instruments. 

The masonry instruments, which vary in size from 
a few feet to 90 feet in height, are Jai Singh’s chief 
work. It has already been related how Jai Singh dis- 
carded brass instruments, and built massive masonry 
one.s in their place. His reasons appeared to be, but 
were not altogether, sound. The brass instruments 
were, he said, faulty, because of their mobility and 


1 Asiatic Researches, 1790, Vol. ii, p. 489. 

-W. H. Morloy — Description of a planiapheric astrolabe in 

(he British Museum. 
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size.^ Tlie axes became worn and fcho instruments 
iintruo ; the gradiiation.s \vero too small for line measuro- 
vnents, etc. His remedy was to make largo, innnovablo 
instruments ; but ho thus atoreotypod his designs, 
for the larger and more inxnxobilc an instrument is the 
greater is the difficulty in making alterations and iiu- 
pi'ovemcnts. Jai Singh sacrificed facility for supposed 
accuracy. 

Jai Singh claims to have devised the Samrat Yantra, 
the Jai Prakas, and the Itam Yantra. These three 
instruments are indeed peculiar to Jai Singh’s obser- 
vatories, and must bo to some extent attributed to 
his personal ingenuity.® He used other stone instru- 
ments, such as the mural quadrant and cylindrical 
dial ; but those wore nob montioued specially in the 
preface, because they were common to many observa- 
tories. They arc, however, mentioned in Jagannath’s 
introduction to the Samrat Siddhdnla. 

TJio masonry instruments include («) the huge dials 
(Samrat Yantra) at Delhi and Jaipur, and smaller ones 
at IJjjain and Benares, (b) hemispherical dials (Jai 
Prakas) at Delhi and Jaipur, (c) azimuth instruments 
at all the observatories, (d) Meridian circles (Dak.shi- 
novritti Yantra) at Jaipur, Ujjain and Benares, (e) cylin- 
drical dials at Jaipur, Ujiain and Benares, (/) huge 
fixed sextants (Shashtam^a Yantra) at Delhi and Jaipur 


1 Tlio conUusi with tlio procedure in Europe is intorostiirg. Tiro 
Buropoiwi aoiontisti reoogiii.sod the inevitability of error, and took 
inoasuroa to oountoraot it (e.g., with the miorometor, vuriiiot, telo- 
scopio sights, etc., etc.) Even a rnodora theodolite, as a useful 
(latronoiaioal iastrumont, ia worth more than all Jai Singh’s large 
buildings. 

S* See page 80 seq. 
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(7i) the ‘ mixed instrument ’ (Mika Yantra) at Delhi, 
and (i) the zodiac dials (EaSi Yantra) at Jaipur. 

The Samrat Yantra is, as its name implies, 
the most important. It is an equinoctial dial, con- 
sisting of a triangular gnomon with the hypotenuse 
parallel to the earth’s axis, and on either side of the 
gnomon is a quadrant of a circle parallel to the plane 
of the equator. It is, in principle, one of the simplest 
‘ equal hour ’ sun-dials. 

In plate III, AB is one edge of the gnomon, the angle 
ABG is equal to the latitude of the place, EF and OR 
are at right angles to AB, as also are DF and ME. 
If EL is the direction of the sun, then the arc KG 
indicates the time before noon, and the angle HQL 
the declination, or sun’s angidar distance from the 
equator. In the actual structure, the considerable 
width of AA' and GB (each being over 9 feet at Jaipur) 
practically duplicates the instruments. Each edge of 
the qiiadrants is graduated in hours and minutes, as 
well as in degrees, and each edge of the gnomon has 
two scales of tangents, one from H to B, and the other 
from F to A. In the figure (an HGL~ HLfGR, and QH 
is the radius of the quadrant MEG. 

The shape of the gnomon is generally a parallel 
trapezium, as in plate III'’. In the same figure GB 
represents the position of the quadrants as they enter 
the gnomon, HG—FB is the radius, and the lines 
radiating from E and G show the construction of the 
scales of tangents on the edge AB. 

These dials give apparent solar time, which varies 
from day to day, owing to (1) the eccentricity of the 
earth’s orbit and its consequent more rapid angular 
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motion in the winter (wlien it is nearer the sun) and its 
slower motion in summer ; (2) the obliquity of the 
ecli])tic.i Consequently a clock going regularly does 
not agree for long with solar time. In India there is 
another element of differmvee to consider, due to the 
standard time being fixed for the longitude of 82'J° 
degree cast of Cromrwich, or til hours before 
Q-reonwioh time. A table that will enable the observer 
to comjnire dial time with clock time is given in an 
appendix. 

The Jai Prakas is called by Jagannath sarva yantra 
Hromani ‘ the crest jewel of all instruments.’ It is a 
hemisphere on the concave side of which arc mapped 
out certain co-ordinates. Cross wires are stretched 
north to south and east to west, and the shadow of the 
intersection of tlio wires falling on the surface of the 
heniisjiherc indicates the position of the sun in the 
heavens : other heavenly bodies can be observed direct 
by ‘placing the eye’ at the proper graduated point, 
and observijig the passage of the body across the point 
of intersection of the wires. Fox this purx>ose passages 
are cut into tlic hemisphere, and the instrument is 
duplicated. 

The construction of the instrument is seen in plates 
IV and V. Tlic upper edge of the lieiuispJiere represents 
the horizon and is graduated in degrees. From the 
centre azimuth lines and altitude circles are drawn. 
The pole is at a point on the meridian lino at a distance 
from the actual southern point^ of the upper edge equal 

^ Tliosn are Iho two principal cnnscs, but all other causes combined 
alter tho equation of time by a fow seconds only. 

“ Tho graduations aro inverted. 
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to the latitude of the place. The equator cuts the 
meridian at a distance from the centre towards the 
north also ecpial to the latitude, and otlior diurnal 
circles cut the meridian at distances of 2!U“, 20° 12', 
and 11|° on either aide of tlie equator. The circles of 
signs are such that when the sun’s shadow falls on any- 
one of them the corrcs])onding sign is on the meridian. 
These circles of signs cut each of the seve]r diurnal 
circles on the meridian, and cut the neighhouring 
circles at the proper intervals. Through the ])ole 
hour circles are drarvu. Theoretically the instrument 
is thus a very efficient dial, showing at any instant the 
local time, the sun’s declination and the sign on the 
meridian,^ 

At Jaipur a similar instrument called Kapclla (‘ cup ’ 
or ‘ hemisphere ’) i s so constructed as to show ‘ rising 
signs.’ In this instrument the edge of the hemisphere 
corresponds, not to the horizon, hut to the solstitial 
colure {i.e., the circle passing through the poles and the 
solstitial points), and thus is the Jai Prahak turned 
through a right angle. 

The Jai Pralcas is found only at Delhi and Jai])ur. 
The diameter of that at Delhi is 27 feet 5 inches and 
that at Jaipur 17 feet 10 inches. 

The Ram Yantra is the third of the stone instru- 
ments mentioned in the preface to the Zlj Muhammad 
Slidhl. The Pandits say it was named after Ram Singh, 
a predecessor of Jai Singh’s. According to Hunter the 
instrument was also known as Ustmvani, which was the 


^ In tlie larger volume an oxx)lanalory diagram is given.- 
XIj fig. 38, 


-Plato 
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name given by al-Biruui to an astrolabe on a cylin- 
drical (orthographic) projection he devised. The Hum 
Yantra is a oylijidrical instrunieut open at the top and 
having at its centre a pillar. The floor and the inside 
of the circular wall are graduated for iiltitudo and azi- 
n)uth observations. The hoiglit of the wall from the 
graduated floor is o<[iial to bins distance from the, cir- 
cumference of tlio co]itral ])iUar to the inside of the 
wall. To faoilitdte observation bhe. floor is brokcsi up 
into sectors and, co]isc((ucnbly, as in the (iase of the 
Jai Praka,4, comjdcmcntary buildings had to be coji- 
structed. The walls also arc broken u]), aJid one section 
of the wall corresponds to one sector. At IJclhi there 
are 30 sectors, each of 6 degrees, in each building, but 
at Jaipur there are 12 sectors only, and their ajigle is 
12 degrees in one instrument ajid 18 degrees in the 
other, the spaces between tlicm being’ reHpe(;tivcly 18 
and 12 degrees. On each side of tire wall sections are 
notches in which sighting bars can be placed hori- 
zontally. Plato V gives a good view of the in.strurncnt 
as a whole. Exanrples of the Ram Yantra exist at 
Delhi and Jaipur mdy : the Jaipnir instruinont is qaito 
a modcrir one.^ 

The Digainsa Yantra (‘ azimutli iustriuueut '), is 
a simple and useful instruuiejit, and examples of it still 
exist at Jaipur, Ujjain and Renarcs. The instrument 
consists of a pillar surroimded hy two circular walls. 
The central pillar is generally about J feet high, and the 
inner wall the same height, while the outer wall is 


^ It was built in 1801. Tlioro aro also at Jaipur two small Ram 
Yantrius wliicli woro ooiistnioted as ruodcls. 
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twice tiiat height. Gross wires are stretched from the 
cardinal points on the outer wall, and both walls are 
graduated. The inner wall is a conveniejit height for a 
man to walk on and to look over the outer wall By 
the aid of a movable string and an assistant, azimuth 
(horizontal angles) observations can bo made with fair 
accuracy. The instrument may be described as a 
largo circular iDrotractor. 

The Narivalaya Yantra (‘ circular dial ’) is men- 
tioned by Jagannath and it occurs at Jaipur, Ujjain 
and Benares. It may be described as a cylindrical 
dial — the axis of the cylinder being horizontal and 
pointing north and south, and the northern and southern 
faces bcijig parallel to the plane of the ecjuator. At the 
centre of each face, and at right angles to it, is an iron 
style surrounded by circles graduated into hours and 
minutes and ff/iaizs and palcis respectively. The shadow 
of the style marks the time of the day, and the instru- 
ment also shows, very effectively, the passage of the 
sun across the equator (the eqiiinoxes). Jagannath 
remarks that this instxmnent is not of much value, 
because it only gives readings for northerly observa- 
tions. This aiqolies to some extent to the Benares 
instrument but not to those at Ujjain and Jaipur. 

The Daksliinovritti Yantra (‘ meridian circle ’) 
is like the mural quadrants found in most mediae- 
val observatories. It consists, essentially, of a wall 
lying in the meridian, and on the wall are two 
graduated quadrants which were used for observing 
the altitudes of heavenly bodies when passing the 
meridian. The instrument corresponds to the modern 
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transit circle. Originally there was one at each obser- 
vatory, but that at Delhi has been destroyed. 

The Shashtamsa Yantra occurs at Delhi and Jaipur- 
only and is really another form ol meridian circle. 
It is a largo graduated arc lying in the jucridian and is 
built in a ‘ dark room ’ at the bottom ol the masonry 
work that sup])orts the huge quadrants of the Sainrat 
Yantra. A small orifice, some 30 or <10 feet above, 
admits the liglit of the sun at noon, and the image of 
the sun on the graduated arc marks witli fair accuracy 
the sun’s altitude. It is thus the aperture dial of the 
Muslims. At Jaipur there are two ‘ darlc rooms,’ 
one under each quadrant of the Samrat, and in each 
room are two arcs, the radius of each being 28 feet 
<1 inches. The ‘ dark room ’ at Delhi is at present 
inaccessible. 

Of other masonry instruments there are the Mitira 
Yantra (‘ mixed instrument ’) at Delhi and the RaAi 
Valaya (‘ zodiac dials ’) at Jaipur. There are some 
indications that these two instruments, or rather sets 
of instruments, were not devised hy Jai Singh. They 
will bo described when the observatories at Delhi and 
Jaipur are dealt with. The most notable feature of 
the Mi6ra Yantra is the set of arcs for meridians at 
Greenwich and Zurich on the west, and two correspond- 
ing places on the east. The Rasi Valaya consists 
of a sot of twelve dials connected with the rising signs, 
which show the sun’s latitude and longitude. 



CHAPTER III. 

The Observatories. 

1. Delhi. 

Fox' the Delhi observ<atory, Icnowu as the Jantar 
Mantar, we have the following approximately correct 
elements : — 

Latitude 28° 37' 35" N. 

Longitude 77° 13' 6" E. of Greenwich. 

Height above the sea-level, 695 feet. 

Magnetic declination E. 1° 45', in 1919. Annual 
variation — 3'. 

Local time 21 minutes 7’7 seconds after standard 
time. 

The observatory is 3 miles 3|- furlongs almost due 
south from the Pir Ghaib, the Trigonometrical Survey 
point on the Ridge, near to Hindu Rao’s House. It 
is also 1 mile 7| furlongs 32° west of south from the 
Jama Masjid. In the projected new city the observa- 
tory borders the road leading from the railway station 
to the Secretariat' and Government House. It conse- 
quently will be a notable feature in the Imperial capital 
and, apart from its historical value, it is desirable that 
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it be made, by suitable surrotuidings and proper resto- 
ration, as dignilied as possible. 

Tbe general plaii of tbe observatory (Plate IV) 
shows the following structures ; (a) the Saiurat Yantra, 
a large equinoctial dial, {h) the Jai PrakiLs, consisting 
of two hemispherical .structures j ust to the south of the 
Saiurat Yantra, (c) the liam Yantra, two large circular 
buildings to the soutii of the .lai Prakas, {d) the MiAra 
Yantra, north- we.st of the Samrat Yaul;ra. 

The Samrat Yantra is tlic central luhlding of the 
ob,sorvatory. It is the largest and most inijmsing, 
althougli a considei'ablc portion of it is below the surface 
ot the earth. It is, indeed, built into a ipiadrangnlar 
excavation some 15 feet deep, 125 feet from ea.st to west 
and 120 foot from north to south. The struotui'o is 
68 feet high, of which GOkl feet is above the earth’s 
surface ; 125 feet from east to west, and IJ:V5 feet from 
north to south. The cs.sontial parts are tlic inclined 
edges of the huge giuuuon and the (puiclrants attacJuid 
to it. Tiic edges ol the gnomon point to the celestial 
nortli pole, that is, they make an angle (28" 37') witii 
the horizon, equal ajiproxiiuutely to the latitude of 
Delhi, and are parallel to the earth’s axis. The 
quadrants (M K G E D, plate III) are at right angles to 
the gnomon and, therefore, tlie circles, of which they 
form part, are parallel to the ])lane of the cipiator. 
These quadrants have each a radius of dTH feet, and 
are graduated ou each edge in Jiours, degrees and 
minutes, the scales on the northern edges being marked 
in English and those on the southern edges in Indian 
symbols. The edges of the gnomon are marked Avith 
scales of tangents, as already explained. The shadow of 
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tlie edge of tlie gnomon on the quadrants gives the 
local time. The sun’s declination is found by observ- 
ing which part of the gnomon’s edge casts its shadow 
on the edge of the eoxrespondiug <[uadi'ant. 

In the mass of masonry work that siq)ports the east 
quadrant is a chamber which contains the SJmhlhmhsa 
Yanira. This is a largo graduated arc 00 d('gr(,'.es in 
length, built in the plane of the meridian ; and through 
a small orifice, the sun, as it passes tlie meridian, shines 
on the arc and indicates its meridian altitude, from 
which its declination can be directly ticduced. d'Jic 
chamber was closed up when the observatory was 
restored in 1910. 

On the top of the gnomon is a circular pillar, which 
was probably used originally for rough azimuth o])scr- 
vations, but which is now surmounted by a small sun 
dial of the European type. The latter was probably 
construotedin 1910 : the pillar, but not the dial, appears 
in the Daniells’ drawings.^ 

The lower part of the structure is sometimes Irolow 
the water level of the locality. The height of the water 
varies but occasionally it covers the lower part of the 
quadrants and the steps and prevents access to the west 
quadrant altogether ; and it makes the structae use- 
less for astronomical purposes. If the instrument is 
to be saved, means must be taken to prevent the water 
percolating to the foundations. 

According to Jai Singh, the Samrat Yantra was 
built of stone and lime. Hunter and Thorn say that 
the edges of the gnomon and quadrants were of white 


1 Eigures 43 and 44 of tto larger volume. 



DELHI 


36 


marble, and von Orlicli speaks of marble staircases. 
Tlio quadrants are now faced with lime, but the time 
graduations are well marked with a soft black stone, 
neatly inlaid into the face of the quadrant. The 
graduations on the edges of the gnomon are scratched 
into the lime plaster surface and are becoming obli- 
terated. See also page 26. 

The Jai PrakSs consists of two coinplemontaiy 
concave hemispheres, situated inunodiatcly south of the 
Sainrat Yantra. Their structure is best seen in plates 
IV and V. Theoretically only a single heinisphcrc 
is necessary, but, to facilitate observation, pathways 
are cut into the surface; and the second Jai Praka6 
is so constructed that the two instruments together 
show the complete surface. Cross wix’cs were originally 
stretched across the hemispheres north to south and 
cast to west, and the shadow of the intersection of 
these wires on the concave surface of the honiisphore 
indicated the position of the sun. The surface of the 
hemisphere is marked with altitude aud azimuth 
circles, the tropics aud intermediate circles (declination 
parallels), etc., so that the position of the sun can he 
directly read off. Also there arc ‘ circles of the signs of 
the zodiac,’ by which the ])articulai’ sign on the meridian 
is indicated by the position of the sun’s shadow.^ In 
the Delhi instruments the cross wires have been dis- 
carded, although the pins to which they should be 
fastened are still there ; and iron rods (2 inch galva- 
nized piping) have been fixed at the centre of each Jai 
Prakas. See page 27. 


^ Seo page 28 above, and page 37 ol tbo larger book. 
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The Ram Yantra consists ol two large circular 
buildings, complementary to each other, situated south 
of the Jai Prakas. Each consists of a circular uuill 
and a pillar at the centre. The height of the walls 
and pillar, from the gradriated floor, is ccpuil to thc 
inside radius of the building measured from tlio circum- 
ference of the pillar to the wall, to 2., 2'1 feet (if inches, 
and the diameter of the pillar is 5 feet lU inches. Tlui 
Avails and floor arc graduated for reading azimuths 
and altitudes. To facilitate chservatioji tli.c floor is 
cut lip into thirty sectors, with the sjiaccs lietween of 
the same angular dimensions as the sectors, viz., six 
degrees. The graduated sectors are siqijiorted on 
pillars three feet high, so that the observer can ‘ place 
his eye ’ at any point on the scale. TI 1.0 graduated walls 
are, similarly, broken up by openings, at the sides of 
each of which are notches for placing sigliting bars. 
At Delhi there are no such bars in evidence but at 
Jaipur they are faced ivith brass and cai'cfully graduated. 
At Jaipur the central pillar is replaeed by an iron rod. 
At Delhi the pillar is graduated by vertical strijies, 
each six degrees in ividth, and these are neocssary, as 
, a point on the top of the edge (not the centre) of the 
pillar is the centre for Avhich the altitude graduations 
on the corresponding sector and portion of the wall are 
made. The old descriptions and drawings shoiv that 
no important structural alterations have been made 
during the last century. 

To the north-west of the Samrat Yantra, and some 
IJO feet away, is the Milra Yantra, or ‘ mixed instru- 
ment,’ so named because it combines in one building 
four separate instruments. Of these the Niyat Chakra 
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occupiea tlie middle, of the building, and consistH of a, 
gnomon witli fcwo graduated soniicircdoa on either side 
(])late YI''), These semicircles lie in planes inclijiecl 
to the plane of the Uellii meridian at angles of 
ai)-i)roximately 11 ° and 081° cast and west. Tlie 
w'micireh'H niny lx*, said to correspond to ineridians 
at ])laccH whoso longitudes dilTci' fj'oni Delhi by 
those angles, and tradition names (ban’iiwich and 
Zurich, “ Notkey a village iji .Tapan where, the.iai is an 
observatory, latitude. '10° bb' N. and longitude Mb' 17" 
E. of (Ireenwicb,” u.nd “ Serichew, a town in the Pic 
Island in the Pacific Ocean east of Jtiissia, latitude 
48° G' and hingitudo 153° 12' bh” 

On either side of the Niyat Chakra, a.nd joined to 
it, is half of a,n erjuinoctial dial, constj'uoted on the 
same pi'iue.iplo as the large Samrat Yantra.. On the 
west sid<i of the building is a second (juadrant, the face 
of which is hoi'izoiital instead of being parallel to the 
axis. ITuiiter niakc's no mentio)i of this. 

On the ea.st wall of the building is a graduated soini- 
circle called Dakshinovritti Yantra, used for obtaining 
meridian altitudes. 'Die north wall of the Misra Yantra 
is inclined to the vertical at an angle of 5 degrees and 
is inarked with a large gi-aduatcd circle. 'This is called 
the Karkarasivalaya, or ‘ Circle of the sign of Cancer.’ 
As the latitude of Delhi observatory is 28° 37' 35", 
and the ol)li('iuity of the ecliptic is 23° 27' 5" nearly, 
the zenith distance of the sun, when it enters Cancer, 
is 5° 10^', approximately, and the sun then shines over 
the north wall for a short period, and the shadow o£ 
the centre pin falls on the gj-aduated circle. This may 
be the northern dial referred to by Jagannath, 
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In the front of the Mi^ra Yantra is a platform 4.7 feet 
by 43 feet, on whi oh are traces of a quadrant of 20 feet 
radius. This platform was probably used for making 
measurements when the instruments were being co.n- 
structed or repaired. 

To the south-west of the Misra Yantra are two pillars 
17 feet apart, and the line joining their centres iH)i.nts 
35° E. of north. These are incntioncd in none of tlie 
accounts of the observatory. If they were jiart of tlie 
original observatory, they probably supported one of 
Jai Singh’s metal instruments, such as are now found 
at Jaipur. 

Hunter states that, to the west of the Mi,4ra Yantra 
and close to it there was a wall in the meridian with 
double quadrants ; and Jagannath, Jai Singh’s assistant, 
recorded that, in the year 1661 of the Salivahana era, 
“ with this instrument, the latitude of Indraprastha 
was found to be 28° 39' north, and the maximum 
declination 23° 28'.” 


Ilislonj. 

The observatory at Delhi was the first one built by 
Jai Singh, and it is here that the principal observations 
were made, which were to form the basis of his new 
tables. There is some uncertainty about the date of 
construction. Pandit Gokal Chand gives A.D. 1710, 
and Syed Ahmad Khan gives 1724. The latter states 
that the observatory was built “ in accordance with 
the orders of the Emperor Muhammad Shah, in the 
seventh year of his reign, corresponding to the year 
1137 of the Hegira ” (=A.D. 1724-25). 
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Jai Singh tells us that he himself represented the 
question of preparing new tables to the Emperor, 
who encouraged him to proceed. “ To aocomplish 
the exalted command he had received, he (Jai Singh) 
bound the girdle of resolution about the loins of his 
soul, and built lioro (at Delhi) several of the instruments 
of an observatory.” This seems to indicate that the 
construction was started a/ter Muhammad Shah ase.onded 
the throne, In 1719 Jai Singh was appointed the 
Emperor’s lieutenant at Agra. Jagannath records 
observations made at Delhi in A.D. 1729. The facts 
seem to point to 1724 as about the date of the foundation 
of the Delhi Observatory. 

We are told that Jai Singh first constructed at Delhi 
brass instruments of the astrolabe type in accordance 
with the Muslim books. These ho found to be unsatis- 
factory, and, therefore, he constructed “ instruments 
of his own invention, such as Jai Prakres and Ram 

Yantra and Samrilt Yantra of stone and 

lime of perfect stability, etc.” Irr Jai Singh’s time, 
therefore, the observatory probably consisted of the 
Sanirat Yantra, the Jai Praka.s, the Ram Yantra, a 
mural quadrant, and some metal instruments. Of the 
present buildings, possibly, the Mi.h'a Yantra was 
added by Madhu Singh, “ who inherited no small 
portion of his father’s love of science.”^ 

Early deacrif lions. 

There are fairly numerous references to the Delhi 
observatory in the accounts of travellers of the eighteenth 


I Tod ii, 372. 
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and early part of tire nineteenth ccntnry, and some of 
these are worth recording. Father Claude Bondior 
and another priest passed through Delhi in 1 734 on their 
journey to Jaipur and took observations of latitude and 
longitude at the observatory at Delhi. Unfortunately 
they have left on record no description of the instru- 
ments.* 

In 1795 Franklin, in his description of the city of 
Delhi, 1 wrote of the observatory : “ It was built in the 
third year of the reign of Muhammad Shah, by the 
Eajah Jeysing, who was assisted by niajiy persons, 
celebrated for their science of astronomy, from Persia, 
India and Euroim ; but died before the work was com- 
pleted, and it has since been plundered and almost 
destroyed by the Jeits, under Jiihwaliar Singh." 

In 1799 W. Hunter published^ a fairly complete 
account of the Delhi observatory. Tlic list of buildings 
and the descriptions he gives sliow that, to the west of 
the Mi&’a Yantra and close to it was a wall in the plane 
of the meridian, on which was described “ a double 
quadrant having for centres the two upper comers of 
the walls.” Also, in describing the Misra Yantra, he 
makes no mention of the third quadrant on the west 
side. Eeferring to the Samrat Yantra he states “It is 
built of stone, but the edges of the gnomon and arches, 
where the graduation was, were of white marble, a few 
small portions of which only remain.” 

* See page 8. 

^ An Account of the jirenenl Hlale of Delhi. By Liout. Ernnklin. 
Asiatic Besmrehes, vol. iv. 1795, p. 131. Mxihammad Shah’s rdgu 
commenood in 1719, and Jai Singh died in 1743. 

^Asiatic Besearches, v, 1799, 177/. 
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In ]803 Major William Thom visited Delhi, and 
later wrote a description^ of the observatory. His 
description, however, i.s simjdy a .siimmai-y of Hunter’s 
and h(', gives no additional inforniation whatever, 
although lie is soiiintiines t|uoted as an authority. 

Boon afterwards, tlicHani ells gave two illustrations- 
of (.lie chief features of tlie ohaorvatory. These are 
reproduced in the larger volume (figure.^ Ill and 41) 
and tliey show tliat during the last hundred years very 
little alteration has really taken place. 

In. 1843 von Orlich visited Delhi and made the 
following notes about the observatory : “ It lies in the 
midst of many ruins ; but it was never completed and 
has been, unhappily, so wantonly dikjiidated by the 
Juts that the shattered ruins alone arc to bo seen. How- 
ever, enough remains to .show tlio plan of this fine 
hnikliug ; the, colossal sun-dials and tjuadrants, which 
rest upon largo arches, are formed of red sandstone 
and brick's, and the ascent to them is by handsome 
winding marble stair cases.”* 

Next .comes Syod Ahmad Xhau’s description,^ 
which was translated by ( f arcin cle Tassy Thi s account 
is not very reliable, but the original work contains 
some rougli but valuable drawings of the instruments. 
Wo read : “ Now this observatory has fallen into 

* Memoir iif Ilia Wtir !» / ndia eonducled by General Lord Lake 
in ISJS, p. 171. 

- Oriental Scenery, 1816, part- v., plates XtX and XX. Tlio 
oi'iginiil drawings for thesd plates must have been made [ibnnt A.D. 
1794. 

® fraveU in India, London, 184.6, p. 49. 

* Alhar (d-miiCuUd 18.63. Reprinted 187G. 

“ Journnl Atsiuliqne, V. xv, 1800, 530/. 

, n 
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ruin ; all the instruments are broken, and all traces of 
the lines of division have disa-ppcared, etc.” 

Later miters on Delhi give brief notices of the 
observatory with, in two cases, ^ interesting ])hotogra])hs ; 
and in the Delhi Museum is an interesting -jjainting, 
of unknown date, wluoh shows the observatory in a 
very dilajiidated condition. 

JRcsLoratmw. 

In 1852 the Raja of Jaii)ur, at the request of i,he 
Archfcological Society of Delhi, partially r(‘, stored the 
Samrat Yantra. In 1910 His Highness the present 
Maharaja sanctioned the /jomplete restoration of the 
observatory. This entailed the rebuilding of some of 
the instruments and the regraduation of all the scales. 
Most of the graduations were, unfortiuiately, done in 
lime plaster and are already becoming obliterated. 
The European dial on the top of the great gnomon 
appears to have been added on this occasion. 


2. Jaifur. 


The elements for Jaipur Observatory are approxi- 
mately as follows : — 


Latitude . 

Longitude . 

Height above aea-lovol 
Magnetic declination . 
Local time’ « 


2(i° 50' 27-4". 

75° 4U' lS-7". 

1,582 feet. 

E. 1° 3.5' in 1919. 
ia 20 minuloa 43 
.seconda after 
standard time. 


‘ Carr Stephen. — OTc Archmological and Mommianlal Remains 
ef Delhi, 1876 j and H, C. Eanahawe, Delhi, Past and Present, 1902. 
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TliG observatorjf is within the palace precincts, 
about 200 yards east of the minaret. It is in an excellent 
state of jireservation and is one of the ‘ sights ’ of the 
city. Not only docs the oh.serva.tory contain masonry 
instruments such as those at Jlellii, hut also a number of 
metal insbnunonts of very c.onsideriihlc interest : and 
in the Museum, outside the, c.ifey walla, arc otJier astro- 
nomical i,ustt'Uincnts that, no doubt, foi'iued part of 
Jai Siiigli's fustronomical (!qui])iuont. The plan of the 
ob.servatory (])late, VII) shows the general arrangement 
of the instruments, the princi])al being the Samrat 
Yantra, the Jai Praha, 'i, the BaSi valaya, the large 
astrolabes, etc. 

Samrat Yantra. — The large Samrat Yantra is 
situated at the south-east corner of the observatory 
enclosure. It is Ihe largest of all of Jai Singh’s instru- 
ments, being neaily 90 feet high and 147 feet long, 
the radius of each quadrant being 49 feet 10 inches. 
It is graduated to read to secojids, but thi,s is impossible 
ill practice, owing to the ill-dcfiued shadow (due to the 
size of the penumbra). The tangent scales on the edge 
of the gnomon cannot now boused, owing to the instru- 
ment overlooking the palace zenana enclosure. The 
readings of the quadrants ajipear to he slightly iuooii- 
sistont, the eastern quachant giving readings that are 
about tw'o minutes out, as compared with the time 
registered on the western quadrant. 

The general structure is the same as that of the Delhi 
instrument, but it is of some-what more elaborate 
construction and on a larger scale. Like the Delhi 
instrument, the fomrdations are below the ground 

D 2 

3k 
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level, but tbe floor is pukica, and proper ai’rangements 
are made for drainage. 

Shashtaiiasa Yantra. — Tbe Sliaslitlifub^a Yantra, or 
sextant instrument, is a huge convex arc of GO degrees, 
and of 28 feet <1 incbes radius, lying in tlie meridian. 
There are two pairs of such arcs built into tlus ma.soiiry 
that supports tbe east and west ends of tlu* iSaninit 
quadrants. Small holes in tbe roof of each structure 
allows tbe sunlight to fall on the arc at noon. The 
instrument is capable of giving very accurate results, 
but tbe readings are said to be in error to about 4 
minutes. See also page 31. 

Rasivalaya Yantra. — The Rasivalaya, or ‘ ecliptic 
instrument,’ consists of a collection of dials on a plat- 
form to tl^e west of the Samrat Yantra. There are 
twelve such dials, one for each sign of the zodiac. Each 
instnrment is exactly of the same type as the Samrat 
Yantra, but the quadrants lie, not in the plane of tlie 
equator, but in the plane of the ecliptic when the parti- 
cular sign is on the horizon, and the edge of the gnomon 
then points to the pole of the ecliptic ; consotjucutly, 
at the proper moment the instrument indicates tile 
sun’s latitude and (with appropriate graduations) 
longitude. The radius of the qxiadrant is 5 feet G inches 
in the case of four instruments, and 4 feet 1 inches in 
the case of the other eight, Tlie early lists do not 
mention the Rasivalaya. 

Jai Prakas. — The Jai Praky is constructed in the 
same manner as the Delhi instrument. The jirinciple 
of the instrument has already been explained (page 27). 
It was completely restored in 1901, in wliite marble, 
and the various circles were then marked in different 
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colours. It is .17 feet 10 inches in diameter. The 
instrument sliovvs time and declination, and the signs 
on the meridian. 

Kapala. — The Kapala is another hemispherical 
instrument, and is peculiar to Jaipur. There are two 
examples — one being a hemisphere with its upper edge 
representing, as in the Jai Prakas, the plane of the 
horizon, while in the other it represents the solstitial 
oolure. The latter indicates ‘ rising signs ’ instead of 
meridian signs. Each ICapala has a diameter of 11-| feet 
and is a complete hemisphere, that is, no pathways 
arc cut, a.s in the Jai Prakas. The graduated rims arc 
in marble, but the remainder of the surfaces are in lime 
plaster. 

Ram Yanlra. — There are four iustnmients in white 
marble, but all of. them are quite modern (? 1891), 
although mads according to Jagannath’s instructions. 
In principle they are exactly the same as the instruments 
at Delhi, but arc much sinallor, the larger pair being 
93 feet 1 1 inches in diameter. The sectors are twelve 
in number, occupying 12 ° each iai one instrument, 
and 18° jji the other. .For an explanation of the con- 
struction see page 28. 

Digamsa Yantra. — The Digamsa Yautra or azi- 
muth instrument has already been described (page 29). 
Tbere is no such instrument at Delhi, but there are 
examples at Upain and Benares. 

Nati Valaya Yantra. — The instrmnent at Jaipur 
is a masonry cylinder some 10 feet in diameter.^ The 

III tiio genera/ p/an (p/ate VII) t/io supporting masonry vvor/c 
is not shown, tut see plato IX'’. 
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axis of the cylinder is horizontal and in the plane of 
the meridian, and the parallel faces, which form the 
dials, arc in the plane of the ecjuatf)r. The dials are 
graduated into ghaiis and 'pains, and also hours and 
raimitea. According to (lartett, the southern face was 
added by Jai Singh's grainlBon, Maharaja I’urtaj) 
Singh. There are similar nistruments, but much 
smaller, at Ujjain and ilcuares. 

Daksliinovritti Yautra.- -The cojistruction of the 
Dakshino Vritti Yautra, or mural cpiadrant, is seen 
in plates VII and IX, It is of the same principle 
as the similar instruments at Ujjain and Bcnare,s (that 
at Delhi has disappeared). Oji the east face are two 
cpiadrants of 20 feet radius, and oji the west face is a 
semicircle of 19 feet 1 0 inches radius. It was used for 
taking meridian altitudes. 

The following fixed metal instruments also forni 
part of the observatory : — 

(a) Two large single disc astrolabes? feet in diameter 
— one made of some sixty sheets of iron rivetted 
together, and the other (plate II) of brass, patched up 
with lead. Prom the iron instrumeirt the graduations 
have disappeared. The brass instrument is designed 
for latitude 27°N'. It ha.s an ecliptic circle, and a tube 
sighter of modern workmanship. Those two instru- 
ments may possibly be of the original metal instruments 
referred to by Jai Singh. If so they were probably 
brought from Delhi. 

(b) The U?matama Yautra is possibly another of 
Jai Singh’s original instruments. It is a graduated 
brass circle, 17-|- feet in diameter, suspended so as to 
revolve around a vertical axis. Jai Singh speaks of an 



Plate VTII. 
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instrument “ Zdt al-halqa (consisting of a ring) of brass 
in diameter three (jaz of tlie measure now in use” ; but 
the Zdi al-Judqa is ordinarily anartntUary splierc. 

(c) Tiro Chakra Yanlra is an equatorial. There are 
two at .Taijuir of 0 feet in diameter. Each is fixed so 
as to revolve about an axis parallel to the earth’s axis. 
At the southern end of the axis of the instrument 
is a separate graduated circle, fixed on the supporting 
pillar. The axis carries a prointer, which indicates the 
hour angle on the fixed circle ; and the main movable 
circle carries an index and sighter. 

(^) The KrdnikfiUi Yanira (Torquetum), foimd at 
Jaipur only, is quite a modern instrument, but is said 
to have been made according to Jagannath’s instruc- 
tions ; and there still is at Jaipur the old masonry 
work for a much larger instrument of the same type. 
The Kranti Vrltti Yantra is used for direct measure- 
ments of celestial latitude and lojigitude. It consists 
of two brass circles, privoted so that one always moves 
in the plane of the equator and the other in the plane 
of the ecliptic. It is more suitable for demonstration 
purposes than for actual observation. This is the 
Torquetum of Begiomontanus (1434-1476), which was 
rejected by Tycho Brahe as a clumsy instrument. ’• 


History. 

Jaipur city was built about A.D. 1728, and the 
observatory was coiistructed about A.D. 1734. The 
earliest detailed description is that by Tieffenthaler, 

1 See P. Woni' OaacUchle der Astronomie, p. 161, and J. L. E. 
DsiiXEB Tycho Brahe, p. 317. 
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a Jesuit Missionary, who travelled in India from 1 74d, 
the date of Jai Singh’s death, to 1786 ; but tlie earliest 
reference to the observatory is possibly that by Ifatker 
Boudier, who, with another ]>riest, visited Jai]uii' in 
1834, and made astronomical observations there. 
Boudier makes no references to the instruments, and 
they were possibly only in the course of constriietio]i 
at the time of his visit. He, however, iiiado observa- 
tions for the determination of the latitude and longitude 
of the observatory itself.^ 

Tieffanthalcr’s description^ of the observatory is as 
follows : — 

“ But a place that deserves detailed description is 
that where astronomical observations are made : it is 
such a work as is never seen in this part of the world, 
and, by the novelty and grandeur of tlio instruments, 
strikes one with astonishment. This large and spacious 
observatory is close to the King’s palace. It is situated 
on a plain surrounded by walls and was constructed 
especially for the contemplation of the stars. 

“ On entering, one first sees the twelve figures of 
the Zodiac, all arranged in a large circle, and made of 
purest lime. Next are seen diverse sections of tire 
astronomical sphere, fixed accordmg to the height of 
the pole at the place — with diameters of 12 or more 
Paris feet, and besides these, some large and small 
equinoctial dials, and some astrolabes made in lime, 

1 Lettres idifiantea, etc., pp. 26i)-290, 

® Des Pater Joseph Tieffenthalet's hislorisch — geographiscjie 
Besehreibnng von Hindustan, 1785, vol. I, p. 244/. Trench edition 
p. 316/. 
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also ii irierifliaii lino mid a lioi-izoutal dial engraved on 
a very large Htone. 

“ But wliafc iilitraots most attention is a gnomon 
(iijyis m'livili), reniiirkiihlo for its height of 70 Paria 
leet, and. for its thicikness — eonstrueted i.u brick and 
lime, situated in the plane of the nuu'idian, with an 
angle equal to the lieight of tlie pole. 0,u tlio summit 
of this gnomon is a lielvedere, which overlooks all 
the town and is so higli that it makes one giddy. The 
shadow of this gigantic gnomon falls on a prodigiously 
largo astronomical semicircle, of which tlie horns ai'c 
turned towards the sky. It is artistically constructed 
in whitest lime or gypsum, and is graduated in degrees 
and minutes, lii the morning the shadow falls on the 
western (j uadrant, and in f.hc evening o.u that towards the 
east, and, as the gnomon lies hetween both the quad- 
rants, the sun's altitude cun lie found at any moment. 
A double dial, coiistruoted also in lime, is seen near 
these (|uadi'ajits. It is enclosed in a kind of chainher, 
on cither side of which it is raised. When the sun 
passes the meridian a ray of tliis star enters tlirough 
each of two holes ])i orced in a sheet of cojjpcr, and when 
these rays fall e.^actly on the middle of the two quad- 
rants, low in .summer and higher in winter, the sun is 
in the meridian sign, and its meridian height is indi- 
cated. 

“ The instruments which follow luive similar gra- 
duations ; there are three very large astrolabes cast in 
copper, suspended by iroji rings ; a circle also of cast 
copper, fitted with a rule (or alhidade), a]id elevated 
at the height of the pole, suitable for determining the 
declination of the sun — lor, 'when you turn this instru- 
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ment towards the siui, it will indicate the declination on 
the ground. 

“ I pass over in silence other le.ss important iiustru- 
nionts, hut a matter which detracts froiu the value of 
the observatory is that, in a low situation surrounded 
by walls, the observer cannot see tlie risijig ajul setting 
oJ; the stars ; also the dial, gnomon and other |)arts 
being in lime plaster prevent one from making very 
exact observations.” 


Rcslomtions. 

The Jaipur observatory, being situated in the palace 
precincts, has been carefully ])reserved, and has been 
added to from time to time, Po.ssibly theK/isi Valaya 
was added after Jai Singh’s reign, and possibly some 
of the brass instruments were brouglit from the Delhi 
observatory, but we have no direct informatioii oji 
these points. Some additions a]i])ear to have, been 
made in 1891, and in 1901 His Highness the present 
Maharaja decided to i-estore the observatory oonqjletoly. 
The services of Lieutenant A. IT. (la)'rctt, ii.E., were 
lent and the Avork Avas fiirished in 1902, in Avliich year 
also Lieutenant Garrett, assisted by Pajidit Chandradhar 
Guleri, prepared and published an account of the obser- 
vatory. This account, as far as the descriptions of the 
instrumejits are concerned, is an excellent o.ue, but the 
parts relating to the history of astronomy are not so 
reliable. It is difficult to judgtA of the Avork of restora- 
tion, as no reliable account of the observatory before the 
restoration took place is available. Colonel Hendley, 
in 1886, gave a rough plan of the observatory, and 
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a list of the instruments, 1 hut not in sufficient detail 
ior purposes o£ comparison 

3. Ujjain. 

Lnl.itntio . . . 2.r 10' 10" N 

ijouffiludu . . . YiV’ 40' :i" li of {(I'cpuvvicli 

llpiKiit . . . l,r)l)l) fcc.t 

D<i<iliiiit(.irm . 0“4!)' 10 Variftlion 3'— 3' 

Local limo is 20 niinulcs 02 Becoiuls at I, or fltandaril time. 

The ol)servatory is situated to the south-west of 
the present city in the (juartor called Jaisingpura, 
on the north bank of the river Sipra. From the Water 
Works it is half a mile west. The river bank is cor- 
roding away, and about a cpiarter of a mile to the east 
of the observatory is seen the remains of a well now 
standing in the river itself. The observatory is 125 feet 
north from the river, and is hardly in danger owing to 
tliis proximity ; bnt the drainage about tlie observatory 
is not uirdor control. There is a small, and, a])parently, 
fresh nullah cpiite close by, and the foundations of the 
Digaih^a Yantra liave already been partly worn away. 

The observatory now consists of the remains of the 
following instruments : — ■the Samrat Yantra {A in 
])late xi), tlio Narivalaya Yantra (J5), the Digamsa 
Yantra {EF), and the Dakshinovritti Yantra (CD). 

These are all in a state of ruin. The foundations 
of the Digaiiisa Yantra have evidently moved, and its 
walls arc badly cracked. The Dakshinovritti Yantra 

^ London liido-Golonial Exhibition in 188li. Handboolc of Hie 
Joy pore Courts, pp. .'50-02. 

^ T/ie Indian Antiquary (XXXV, 1906, p. 34), orifcioisos themotliod 
of restoration. 
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is inclined to tlie perpendicular at an angle of about 
5 degrees. This is possibly due to the faulty structure, 
for the foundations for this heavy mass of masonry 
seem to be inadequate. The Sainrat Yantra is in a, 
dilapidated state, and the styles and graduation have 
disappeared from the hlurivalaya. 

Of the Samrat Yantra only a skeleton I'emaiiis. 
In the general plan it is shown as though ccuuplete, 
bub plate XII slunvs its actual present state. It is, 
practically, of the aajnc size as tlic one a,t Ikuiares, 
and the siualloi^Pne at Jaipur, namely, 22 feet liigh, 
the edge of the guonion 47J feet, and the radius of 
each quadrant 9 feet 1 inch. In 1796 or thereabouts, 
when Hunter visited Ujjain, the quadrairts were divided 
into ghatis and subdivisions. Hroin the edges (rf the 
quadrants, where they intersect the walls of the gnomon, 
lines at right angles (GH, EF in plate III) were drawn 
on the gnomon, perpendicular to its edge. From the 
]3oints (H, F), where these lines meet the edge of the 
gnomon, scales of tangents were marked on the edges. 
All these gradrrations have disappeared. 

Dakshiliovritti Yantra (‘ meridian instrument ’) is 
shown in jjlate XII. The masonry work is fairly 
intact, but the graduations have disappeared. Tho 
instrument was originally something like that at 
Jaipur. It consists of a wall lying in the meridian, 
and on its east face was a double cpiadrant, tho centres 
of which were at points near the top corners of the wall 
and 25 feet apart. A portion of one quadrant is still 
visible, engraved in the lijne plaster with which the wall 
is faced, but this is probably not the original graduation. 
On the ledge below the quadrants there are traces of 
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fi scale of tangents. On tlie west side is a flight of steps 
leading to a narrow platform at the top. At the south- 
west end of this ])latform is a small pillar, 2 feet in dia- 
meter : according to .Hunter this was “graduated 
for ob.serving tin', amplitude of the licavcnly bodies at 
their rising and setting.” The graduations have now 
(li.sapiu'arcd. At the middle of the platform, and on 
th(i ea,Ht side, is a .small ijrojectiou of the para})ct, 2 feet 
dil inehea long and deep. Oir this, Hunter tells us, 
wa.s “ eonstructod a horizontal dial,” There is no sign 
of thi.s dial now. As already ])oi]ited out this building 
is now Old; of the peipendicnlar and is in some danger 
of colla|)se. 

The Narivalaya or ‘ circular dial ’ is constructed on 
the same principle as those at Benares and Jaipur. 
It is situated a few feet to the south of the Sainrat 
Yaiitra, and consists of a cylinder feet long and 3 feet 

inches in diameter, whoso axi.s is fixed horizontally 
in the ])lane of tli.e meridian, tlie faces of the cylinder 
being cut jiarallel to the plane of the equator. In the 
e.entrc of each face, and at right angles to it, was an 
iron stryle, round which was a circle graduated into 
(jlutiis and .subdivi.sions. The ,style.s and graduations 
have disap|)cared. 

The Digaihsa Yantra is similar to those at Jaipur 
and Benares. It is situated quite close to the Samrat 
Yantra on the east side and consists of an outer circular 
wall, 30 feet 10 inches in diameter and 8 feet 10 inches 
high. Concentric with this is another wall, 24 feet 
4 inches in diameter and 4 feet 6 inches high. Originally 
there was a pillar at the centre, hut it has been removed. 
Ch'oss wires wore .stretched north to .south and east 
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to west on tlio outer wnll. At the four j)oints of the 
compass, in the outer and iirnov walls, wore arched 
openings, but all of those in the outer wall, exceiit 
that to the west, have been filled u]). 'I’lie outc'r walls 
are badly cracked, and. a great ])art of the foundatioiiB 
is now exposed. Tliis is due to the bad drainage of the 
slope to the river. The luillab that passes clo.y('. by the 
Digam^a Yantra could easily be diverted. In Hunter’s 
time the building was “ roofed with tiles and converted 
into the abode of a Hindu deity,” so that Hunter was 
unable to examine its construction. This is of interest, 
as showing that, even in the eighteenth century, the 
instrument was no longer used for astronomical pm-- 
poses. 

Early descriflions. 

There appears to be no record of any astronomical 
instruments at Ujjaiu, earlier than those installed by 
Jai Singh. The date of the construction of his obser- 
vatory is uncertain, but it was probably between 
A.D. 1728 and A.D. 1734. The earliest known descrip- 
tion of the Ujjaiu observatory was by the Jesuit prlciit 
Tieflenthaler, who travelled in India from 1743 to 1786. 
His account^ of the observatory is as follows ; — 

“ Not far from there is a suburb built by Djesing, 
King of Dj^pour, a ci-devant governor of this province. 
(Malwa). An astronomical observatory is to be seen 
there,- -with instruments, madeof cement : namely two 
equinoctial dials, one large and one small ; a gnomon 
{axis mundi) elevated according to the height of the 

^ HialorUche — geographische Besclireibung von Hindustan, vol. i, 
246. a H 
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polo at tills ]ilace, and set in the meridian ; and on 
oitlier side of this is a ([uadraiit of a geometrical circle ; 
also a dial made in lime, and a meridian wall in stone.” 

The only other account of any value is that hy Hunter 
(from which wo have already quoted), who accoinpaniod 
the Agra Rraidont’s expedition to ITjjain in 1792-93. 
Tie briefly dnscrihes the imstruincnts, and he states that 
Jai Singh determined the latitude of Ujjain to he 
23“ 1(V N., and Iluntcr himself took considerable 
trouble in verifying this result, which he con.sidcred 
correct to the minute.’- 

Ujjain, the Greenwich of India. 

Ujjain (the OCrjvrj of the Greeks), or Avanti 
as it was often called, is inentio.ned in early Hindu 
astronomical works as situated on the prime meridian, 
and tradition also makes it the centre of astronomical 
learning in India. 

It is one of the most ancient astronomical centres 
in the world and even to the present day is regarded by 
the orthodox Hindu as the Greenwich of India. It 
would, therefore not be inappropriate if Ujjain once 
more became the centre of Hindu astronomical learning. 

It is doubtful whether there ever was a fixed posi- 
tion in ancient Ujjain which was considered as of zero 
longitude. Rather vaguely, the old city of Ujjain— 
to the north of the present city — was meant ; or, it is 
just imssible, that Jai Singh considered this point when 
he located his observatory to the south of the irresent 
city, and that the site of Jai Singh’s observatory is the 


1 Asiatic. RtsmrehesV, 1799, p. 104 f. 
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traditional place — ^bnt tliis is doubtful. If a new obser- 
vatory is to be located at tTjjain the plan to follow i.s 
to fix upon a suitable position and thou deteriniue its 
loiigitiido and latitude. The nui]) of the city and its 
environs in the larger volume .slumld be of holj) : it 
gives the position of Jai Singli’.s ob,sorvfitory as approxi- 
mately 7r)° 16' east of Greenwich, and tO' 16" 
north of the e<juator. 


4. Benares. 

Latitude . . . 25“1S'24'!)"N 

Longitude. . . 83” 0' 4C‘I" 10 of (iresiwiiili 

Height above sea level . 360 feet 
Magnetic declination . E. 0° 45' ( 10 19) 

Tjooal time . . 2 minutes 3 sueoiidH before 

staudai'fl tiino 

The observatory is situated on the roof of the old 
part of the huilding known as the M’anmaudira, which 
was built by Man Singh, a Rajah of Amber who flourished 
at the beginning of the seventecntii coitury. (He died 
in, A.D. 1 614). This building is on tlie west bank of the 
Ganges, near the Maui Karnika ghat, and l^- miles 
south-east by soulk. from Queen’s Oollege, The pro])er 
approach is from the river front, that from tlie city 
being throtigh nari-ow, unsavoury alleys. “ Though 
not very architectural in its general appearance,” writes 
Fergusson,^ “ (it) has on the river face a balconied 
window, which is a fair and pleasing specimen of his 
(Man Singh’s) age.” ' 


^ A Huiory of Indian and Eastern ArcMteelnre, vol. ii, 178. 
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On the roof of the Manmandira, as constructed by 
Man Singh, and a little over a century after it was built, 
Sawai Jai Singh of Jaiiiur placed the astronomical 
instruments that now form the observatory, Some 
time about the beginning of the nineteenth century 
the Manmandira ap])eara to have been enlarged,^ and 
about the middle of the nineteenth century it was 
restored. 

The general ])lan of the roof of this part of the building 
(plate XIII) shows the larger Samrat Yantra (AA), 
the Narivalaya Yantra, the Chakra Yantra (CO), the 
Digaiiiilia Yantra (DD), and the smaller Samrat Yantra. 

On the ea,st wall of AA is a double quadrant or 
Dakshinovyitti Yantra, and to the south of AA is another 
Dakshinovritti Yantra, not shown in the plan. 

The Samrat Yantra (AA) is of the same type 
as those at the other observat()rio.s, and is the same 
size as that at Ujjain and the smaller ojic at Jaipur. 
Its height is 22 feet 3-J- inches, the edge of the gnomon 
is 39 feet S-J- inches long, and the radius of each cpiadrant 
is 9 feet 1^- inches. The edges of the gnomon and the 
quadrants are faced with sand-stone, and the gradua- 
tions are carefully marked. On the quadrants every 
half-hour is marked by two inlaid metal discs, the one 
toward.s the north edge being inscribed in Indian 
characters, while the one on the south is in European 
figures. Each edge is also graduated into minutes 

' Compare Campbell’s drawing (figure 07 in the larger volume) 
and Prinsop’s drawing. The latter is given in Banares Illuslraled 
by a serief! of Drnwivj/s, by James Prinsop. There is also a large 
painting of the Manmnndira by Daniell, entitled 'I'he Ghnt, at 
the Asiatic Society of Bengal, Calcutta. 

E 
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and quarter minutes ; and also into degrees and tentlis 
of a degree. Tire edges of tlm gnomon are graduated 
witlr the usual tangent scales. A comparison hetwoen 
a drawing made about MO years ago (ligur('- ()7 in the 
larger volmne) and a recent photograph shows that 
very little alteration lias been made. 

On the east wall of the gnomon are two graduated 
quadrants, used as a Dalcshiiiovritti Yantra or meridian 
instrument. Each quadrant has a radius oC 10 feet 
7 inches. The shadow of one of the pins (fixed at the 
top of each quadrant) gives the zenith distance at noon, 
and zenith distances of other heavenly bodies could bo 
observed directly, by moving the eye along the appro- 
priate quadrants. Under these quadrants is a platform 
(shown in the plan) for the observer. Apparently, 
in 1773, these quadrants were not in existence, but 
according to Pandit Bapu Deva Sastri they were there 
in 1865. 

The other Dakshinovritti Yantra is a self-contained 
instrument, consisting of a wall lying in the meridian, 
on the east face of which are two quadrants, each of 7 
feet 9| inches radius. Sir Robert Barker in 1777 stated 
that the quadrants were of different radii, the larger 
of which he judged to be 20 feet. If his description 
be correct, the instrument must have been entirely 
rebuilt later on, possibly when the Manmandira was 
added to. 

The smaller Samrat Yantra calls for little remark. 
It is 8 feet 3 inches high, and the radius of the quadrants 
is 3 feet 2 inches. If the early drawing is correct, 
the. instrument has been moved from, its original 
position, 
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Tke Narivalaya (‘ circular dial ’), or Uttara- 
daksliiijo Gola (north and south dial), is a cylindrical 
dial — the axis oJ: the cylinder ])oiuting north and south, 
and the northern and , southern faces being parallel to, 
the ])lano of the eeptator, At the centre of each face, 
and at right angles to it. is a short iroji style surrounded 
by two circles — the outer one (on tho northern face) 
graduated in hours, etc,, and tho inner wre in gliatu, 
etc. Besides serving as an ordinary dial the instru- 
inont marks the ccpiinoxes, since the northern face can 
only be used for sun observations when the sun is north 
of the equator. The inscription on the instrument 
reads : — “ Narivalaya Dakshin and Uttra Gola. The 
use of this instruruent is to find whether tho heavenly 
bodic.s arc in the northern or southern hemisphere, 
It gives time also.” 

The Digamsa Yantra (‘ azimuth instrument ’), 
marked DD in the plan, is the large circular building 
at the oast of tho terrace. The exterior diameter is 
feet, the outer wall is 8 feet 4 inches high and the 
inner wall and central pillar are each 4 feet 2 inches 
high, and ajr iron I’od fixed to the cejitral pillar is of the 
same lieight a,s the outer wall. The to]m of both walls 
were originally graduated into degree, s, etc. ; and cross 
wires were stretched north to south and east to west 
on the outer wall. The use of tho instrument is to 
meaf3ure azimuths or horizontal angles, but it is now 
of little practical use, owing to its being surrounded on 
all sides hut one by buildings. 

To the south-east of the Digarhsa Yantra there used 
to bo another dial, whose diameter was 6 feet 2 inches. 
It was on a platform slightly higher than the terrace, 
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and approached by steps. At the present time there 
is no space to accommodate such an instrument and 
CampbeU’s drawing of 1773 shows no such instrument. 
Howevei’j Williams mentioned that it had been excluded 
from Campbell’s drawings/ and it was mentioned by 
J-Iunter in 1797 and by Pandit Bapu Dova Sfistri in 
1865. 

The Chakra Yantra is shown in the plan at CO, 
It is an equatorial, and was common to most mediaeval 
observatories. It consists of an iron circle (declina- 
tion circle) 3 feet 7 inches in diameter, one inch thick 
and two broad, faced with brass, on which degrees 
and minutes are marked. The circle is fixed so that 
it can revolve round an axis parallel to the earth’s axis. 
At the southern extremity of this axis, ajid on tlic pillar 
which supports the instrument, is a graduated circle 
(hour circle) in the plane of the equator. There is no 
pointer for this hour circle, and, according to Hunter, 
there was none in 1797. Attached to the centre of the 
declination circle is a sighter, consisting of a hollow 
brass tube (figure 68), bitt this is comparatively new. 
Hunter wrote : “ Observations with this instrumojit 
cannot have admitted of much accuracy, as the index 
is not furnished with sights ; and the pin by which it is 
■fixed to the centre of the circle is so prominent, that 
the eye oaimot look along the index itself.” 

The sighting arrangement is fixed to the big circle 
by a pin, and this pin is fixed by a cotter or wedge, 
shaped roughly into some semblance of a horse’s head. 
In the section on the astrolabe it was stated that the 


^ PJiil, Trans. Rojfal Soc. 1793, i. 41), 
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Arabs called such a wedge faros (‘ horse ’), and that 
in mediaeval Europe it was generally made into some 
semblance of a horse’s head. “ Thorw which Pyn,” 
wrote Chaucer,* “ ther goth a litcl wegge which that is 
doped the hors that streyneth alle these parties to 
liojio.” There is evidence to show that the horse 
shaped design of the wedge was brought to India by 
the Muslims, and the exani])le on the Clmkra Yantra is 
interesting as evidence of the persistence of a tradi- 
tional design, and in some degree as evidence of the 
ultimate source of the design of Jai Singh’s instruments. 


History. 

The Manmandira ,was built about the beginning of 
the seventeenth century. Campbell’s drawing of 1773, 
the Asiatic Society painting {circa 1791), Prinsep’s 
drawing of 1825, and recent photographs enable us, 
to some extent, to trace the additions and alterations 
made. The part of the fagade that is directly under 
the observatory belongs to the oldest part of the build- 
ing, and that part that has no balconied windows is 
comparatively new. The line window on the extreme 
north of the building was given by Prinsep in his illus- 
trations of .Benares, and has been described by Fergus- 
son and Plavcll. 

The iistrouomical instruments were added, by Jai 
Singh about A.l). 1737.^ The date is not certain, and 
nearly every writer gives a different one. Sir Robert 

* A Treatise on the Astrolabe, i, 14. 

' This is tiio date givon by Williams, who, oil all puluta that can 
bo verified, is extremely reliable. 
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Barker, who was almost a contemporary of Jai Singh, ^ 
said that the. observatory was built by Akbar ; Priusep 
wrote : “ The building was converted into an observa- 
tory by Jysing, A,D. 1080 ” and rcCers to a sup])oscd 
description of it by Tavernier anotJier writer gives 
A.D. 1G93 and another 1700. Bather Boudier who 
visited Benares in 1734 and made astronomical obser- 
vations there makes no mention of the obsenwatory. 
Jai Singh Irimself tells us that, in order i.o confirm, tlie 
observations made at Delhi, he constructed instruments 
of the same kind at Jaipur, Mathura, Benares and Uj jaiu; 
and the Delhi observatory was probably built about 
1724 ; that at Jaipur was built in 1734, and Williams’ 
date for the observatory at Benares, 1737, may be 
accepted. 

A'osrb/ Descriptions. 

In A.D, 1777^ Sir Robert Barker, who was for a 
short time Comraandcr-in-Cliief in Bengal, jniblishcd a 
description of the instruments, together with a poi'sjico- 
tive drawing of the observatory as a whole, and detailed 
drawings of the Samrat Yantra, done by Lieutenant- 
Colonel Campbell, Chief Engineer of the Company’s 
service. This drawing shows that the main features of 
the observatory are the same to-day as they were 
nearly a century and a half ago. There arc apparent 
differences, but some of them may bo duo to the 
nature of the drawing : e.ff., the Narivalaya and the 

' Sir Robert Barker lived from 1729-1 789, and wont ont to India 
in 1749, six years after Jai Singli’a death. 

® Tavernier died in 1G89, throe years after Jai Singii’s biiili. 

® Sir Robert Barker left India in 1773. His notes and tlie 
drawings were probably made in 1772-73. 
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small Samrat appear to have been displaced slightly ; 
the wall that supports the east cpiadrant is diflerent 
in detail ; there are no graduated quackants on the 
cast wall of the gnomon ; the edge of the plinth, on 
which the larger Samrat stands, has changed its 
aligiunotit ; and, in the drawing, no plinth at all is 
sliown for the other instruments. From the notes of 
Williams and Ilnnter it appears that the drawing 
is somewhat incorrect, or, at ajiy rate, misleading for 
the south-east coioier of the terrace, for it shows no 
trace of tlie second Narivalaya described by them. 

Sir B,obert Barker’s account of the Benares obser- 
vatory was of the nature of a communication to the 
Koyal Society, London. Further information seems 
to have boon asked for, and this was supplied by Mr. 
J. L. Williams of Benares in A.D. 1792, who recorded 
very careful measurements and added some interesting 
details as to tlio history of the place. He writes: 
“ The area, or space comprising the whole of the 
buildings and instruments, is called in Hindoo, 
Maun-mwuld ; the cells and all the lower part of the 
area, were Iniilt many years ago, of which there 
remains no chronological account, by the Rajah 
Mansing, for the repose of holy men, and pilgj'ims, who 
came to ])erform their ablutions in the Ganges, on 
the bank of which the building stands. On the top 
of this the observatory was built, by the Rajah 
Jetsing, for observing the stars, and other heavenly 
bodies ; it was begun in 1794^ Sambat, and it is said 
was finished in two years. The Rajah died in 1800^ 


1 A.D. 1737. 


a A.T). 1743. 
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Sambat. The design was drawn by .Taggeriiaut and 
executed under the direction of Sadashu Malcajin ; 
but the head workman was Mahon, the son of 
Mahon, a pot maker of Jepoor.” 

In 1799 Hunter gave a brief deso'iption of tlie obser- 
vatory, supplojuontary to the previous accounts. Ho 
speaks of tiie accuracy of Mr. Williams’ nieasurcinujits 
and explains sonic of the terms used ; and clears uj) one 
or two other points. In 1848 Sir Joseph Hooker made 
excellent drawings of three of the instruments, and in 
his diary records^ that “ the observatory is still the most 
interesting object in Benares, although it is now dirty 
and ruinous, and the great stone instruments are rapidly 
crumbling away.” The only other descriptions it is 
here necessary to mention are those by Pandit Bapu 
Deva Sastri and Lala Chinian Lal.^ 

Of previous restorations we know very little. 
Sherring states that the Brahmans “ wore utterly 
careless ” about preserving the instruments. According 
to Havell, the Manmandira was restored in the middle 
of the nineteenth century. In 1912 the present Maha- 
raja of Jaipur ordered the comjiletc restoration of the 
instriunents. This work was very thoroughly done 
under the direction o'' tlie court astronomer, Pandit 
Gokal Chand. 

The observatory at Benares has long since coa,sed 
to be used for practical purposes. The Brahmans 
consulted by Williams in 1792 all agreed that it 
“ never was used for any nice observations.” Its 

^ HimaUtyaii Jovrtuih, 18C4, pp. 74 — 77. 

‘ See the bibliography on page 04. 
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present situation, surrounded on most sides by 
buildings, is not ideal for astronomical purposes ; 
and the instruments are, of coxirse, very crude 
compared with those in modern observatories. The 
value of the observatory is chiedy historical ; it is a 
monument to one of the brightest intellects of India ; 
and it illustrates a very interesting phase of the 
history of astronomy. It might have another value 
if advantage were taken, namely an educational one ; 
for the demonstration of the elements of practical 
astronomy a better set of instruments could hardly 
be devised. But, apparently, astronomy is no longer 
studied at Benares, Ujjain and Jaipur. 



CHAPTEE XI. 

Historical Perspectivu. 

To enable us to place the material collcoted in its 
proper historical i)erspective it is necessary to survey 
briefly the development of astronomical science, as it 
aii'ected Jai Singh’s work. 

Of J ai Singh’s theories wchave but little information : 
tradition has allotted to him the whole Ptolemaic tlieory, 
and possibly he acceiotcd it without question, but ho 
must have been acquainted with the teaching of Ke])lcr, 
Galileo and Newton, for he possessed many European 
works. The topics he dealt with arc outlined in the 
preface to the Zl] Muhavionad Shahz. Principally he 
was concerned with the design of instruments and 
practical observation, with a view to the preparation of 
a catalogue of the stars, etc. His bent was practical, 
and he was particularly anxious to eliminate instru- 
mental errors. 

These points have been illustrated in the foregoing 
chapters, which also have indicated, incidentally, 
the sources from which Jai Singh obtained his astro- 
nomical notions and inspiration for his methods. There 
is not the slightest doubt as to the main induence that 

66 
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directed his activities — ^it was that of the Muslim 
astronomers of the tjqre of Ulugh Beg ; but it is still 
popularly supposed that Jai Singh’s work was, princi- 
pally, if not wholly, of Hindu origin, and previous 
writers have helped to strengthen the notion. Sir 
William Jones was one of the first to give this impres- 
sion ; Hunter was also misleading in a negative, way, 
and more recently Garrett’s (otherwise most excellent) 
book is also somewhat misleading on historical matters. 
It is necessary, therefore, not only to trace Jai Singh’s 
theory and practice back to their ju'oper sources, but to 
examine the possible connexions between his work 
and the traditional Hindu theory and practice. 

Eor purposes of exposition it is convenicjit here to 
speak of the influence of three schools of astronomy : 
(i) Hindu, (ii) Muslim aird (iii) Euro]iean. Jai Singh 
was, to some extent, in contact with all three, and it is a 
matter of considerable interest to determine the r[uality 
and quantity of their influence on him. Although 
he actually lived in the seventeenth and eighteenth 
centuries of our era, the influences that directed his 
activities were mediaeval : little advance had been 
made by the Hindu and Muslim schools for centuries, 
and the advances in Europe were too recent to be fully 
appreciated. 

Hindu Aslronoiny 

There is a certain amount of very interesting mytho- 
logical astronomy recorded in the Vedas, but the earliest 

^ T]ib following notes attompli to give, voiy lii'iclly, only a fair 
notion of Hinclvi astronomy. No attempt has been made at oom- 
ploteness. Per further information referonoe should bo made to my 
History of Hindu Astronomy. 
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formal Hindu astronomical works are tlui JyuLisha 
Veddnga and tlie Surya Prajnafii, tlie latter of wliicli 
exhibits a strange cosmography (with two suns, two 
moons, etcd), while both have the crude elements of a 
scientific astronomy. Those works are of considerable 
historical interest ; they show little, if any, Uroolc 
influence. 

Soon alter the beginning of the Christian era the, 
traditional astronomical system in India was largely 
discarded, and the system in vogue in the Greek .scJiools 
was imported and assimilated. In the Puncha Sid- 
dhdntilcd of Varaha Mihira we have, possibly, summaries 
of two western books~the PauU'na and Romaka Sid- 
dJidnlas, but, quite apart from thi.s, there is abundant 
evidence to show, not only Greek influonco, but, Greek 
domination. The representative Indian work, that 
exhibits the astronomy of this period, is tlio Surya 
Siddhdnla. In its original form this work was probably 
composed about A.D. 400, and the recension now in 
use about A.D. 1000. Since then very little attempt 
at advance has been made. The orthodox still aeoe])t 
the Surya Siddhdnla and similar works as authoritative. 

Such are the facts, but there has been an extra- 
ordinary amount of misconception current. According 
to Hindu tradition Idnn Siirya Siddhdnla was composed 
some millions of years ago.^ Bailiy, towards the end 
of the eigliteenth century, considered that Indian 
astronomy had been founded on accurate observations 
made thousands of years before the Christian ora. 

1 The aalronomioal notions of tho early Christian writers were 
often far more absurd. 

> Surya SiddMnta, i. 3-3. 
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Laplace, basing liis arguments on figures given by 
Bailly, decided that some 3,000 years B.C. the Indian 
astrononiors had recorded observations of the planets 
correct to onii second ; .Playfair^ su])ported Bailly’s 
views ; Sir William Jojres argued that correct obser'- 
vatious must have been made as early as 1181 B.C. ; 
and so on ; but, with the researches of Bentley, 
Oolebrooke, Weber, Whitney, Thibaub and others, 
more correct views were introduced ; aird it has long 
been kuowii that the figures used by Bailly are 
comparatively modern. 

Vedic astronomy is more poetical than exact, and 
it is of interest, apart from its poetic value,® chiefly 
as a subject of controversy. Certain scholars, e.g., 
Tilak, Jacobi, Dikshit and others, argue, from rather 
vague astronomical premises, jrartly based on the texts, 
an extreme antiquity for the Vedic writings ; others 
do not acce])t their views.® 

The Vedic year was 12 months of 30 days each, 
with an occasional intercalary month, “ the thirteenth 
month fabricated of days and nights, having thirty 
members.”^ There is no indication of any definite 
cycle. The year was also divided into two equal 
courses or ayamis, a northern course or Uttardyana 
beginning at the winter solstice, and a southern course 
or DaksMndyana beginning at the summer solstice. 

‘ Afterwards both Laplace and Playfair recanted. Sec my 
History of Hindu Astronomy, §3. 

® Many of the ‘ astrononiioal ’ hymns of the Rig Veda arc 
exceedingly boautifnl. See my Hindu Aaironomical Deities. JASB, 
1919. 

“ Sec my History of Hindu Astronomy §§ 32 and 86, where the 
oxtrorauly interesting views of Jacobi and Tilak are discussed, 

Aiharva Veda, XIII, 3®, 
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In the Rig Veda only two or three asterisms are 
mentioned but in later Vedic texts complete , lists oi 
the 27 or 28 nakshalras are given. ^ These early lists are 
headed by Kriltika which marked, it is believed, the 
vci'Jial equinox of the Vedic year ; and this is a founda- 
tion, although not a very secure ojie, for Vedic chrono- 
logy. If the vernal equijiox was marked by K^HUika, 
and, if by Krittika the constellation of the Pleiades 
was meant, then the period of fixing this was about 
2350 B.C., when the vernal equinox was approximately 
of the same longitude as Alcyone (77 Tauri), the brightest 
of the Pleiades. 

Other parts of the Vedic texts have also been used 
for the puipose of establishing their great antiquity ; 
c.g., Jacobi attempted to prove that the Vedic year 
commenced with the summer solstice. His arguments 
are based on the following somewhat doubtful rendering 
of a verse of the ‘ Frog Hymn’: — 

“ Those leaders of rites observe the institutes of the 
gods, and disregard not the season of [the twelfth 
month] : as the year revolves and the rains return, 
then scorched and heated they obtain freedom.” 

Dikshit,^ from a passage of the Brahmanas {ifB II, 
1 , 2 ®'^), fixes the age of its composition at 3000 B.C. 
The words “ They (the Krittikas) do not jnove from 
the eastern quarter while the other nakshairas do 
move from the eastern quarter ” he takes to mean. 


^ Much has boon written about the mlcslmlrm or divisions of the 
ecliptic. They have boon usually identified with certain constella- 
tions, but recent re.searohos seem to show that they were rather 
oonooived as divisions of the ecliptic and not eonneeted with parti- 
cular constellations. See my History of Hindu Asironomy> §2(1, 

8 Indian Antiejuary, 1895, XXIV, p. 246, 
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definitely, that the Pleiades were always oir the equator ; 
and he writes “ In iny opinion the statement conclu- 
sively proves that the passage was composed not later 
than 3000 B.C.” Many other similar interpretations 
have heen striven after. 

Ill Vedio texts no defliute mention is made of the 
planets, although much ingenuity lias been exercised 
in interpreting the texts otherwise. There are possible 
references to eclipses, which Ludwig, with some skill, 
has attempted to identify. 

The Jyotisha Vedemga^ and the Suryaprajnapli con- 
tain the earliest formal astronomical statements. The 
former introduces the five-year cycle of 1 830 apparent 
solar days. The year was tropica! in theory and con- 
tained 36G apparent solar days, and was, therefore, 
much too long. There were 27 nakshalras, each sup- 
posed to occupy -5^ = 13-J- degrees of the ecliptic, 
and each naJesheUra was considered to be divided into 
124 equal divisions, or amkis. 

The five-year cycle ajipears to have commenced 
with the winter solstice, and Sravishtha is said to have 
marked the beginning of this cycle, and also the begin- 
ning of the sun’s progress, and also the winter solstice — 
all of which are in agreement. If Sravishtha is to be 
identified with a, y and 8 Delphini (as it usually 
is), then it marked the winter solstice about B.C. 1100. 
But a list of najeshairas given in the text begins with 
Asvini, which is supposed to have marked the vernal 
equinox about the begimiing of the Christian era. The 

Vedanga is the name of coHain works, or classes of works, 
regarded as auxiliary to the Veda, They arc generally oousidored 
ftS_^of a latpr date, 
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Vedafiga states that, during the northern progress of 
the sun, the days increase in length at an even rate of 
1‘57 minutes a day, or d- hours 48 minutes in six montiis 
of 183 days^: the northern and southern progress are 
considered equal. 

The Suryaprajnapti is a Jain treatise on astro- 
nomy that is similar in many respects to the Jyotislia 
Vedanga. The Jainas held the old Indian idea of the 
heavenly bodies revolving round mount Morn, and, 
as a corollary to tliis, they conceived two suns, two 
moons and two sets of constellations. The five-year 
cycle began with the summer solstice, with the sun in 
Pushya, and Thibaut thought this was a correction, 
fronr actual observation, of the older Vedanga. Another 
point of difference was the employment of 28 naksJialms 
of unequal extent, and this altered, theoretically, the 
positions of the nakshatras — in some cases to a very 
considerable extent, and makes our estimations of the 
periods in which these works were composed very 
uncertain. 

The characteristics of this period are : — 

The five-year cycle, with a year of 366 days. 

The division of the ecliptic into 27 or 28 nakshatras. 

Equal daily change in the length of the day. 

Omission of any explicit reference to the planets. 

Varaha Mihira and others, about A,D. 650, made 
popular new ideas borrowed from the west : they 
remodelled the Hindu astronomical system on Greek 


1 An increase of 4i hours corresponds to a latitude of about 
.30° 38' N., tile obliquity being lafcen as 23J- dogroos. For a groatar 
obliquity it would be furtlier north, 
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lines. The Greek names oJ: tlie signs of tlie zodiac 
wore ado])bed, and tlie seven-day week introduced ; 
many Greek astrological terms and some Greek matlie- 
matical terms were adopted witliout cliangc, Practi- 
cally all tlie Greclv astronomical tlieories were taught 
and tlie Vedaiiga astronomy was largely discarded. 
Varalia Miliira’s astrological works contain numerous 
Greek teolmical terms and show, unmistakahly, Greek 
influence. His great astronomical work, the Pnneha- 
suldlianlilca, consists ol summaries of the Paitamaha, 
Vasishtha, Romaka, Paulisa^ and Sama Siddhantas. 
“The Siddhanta made by Paulisa is accurate, near 
to it is the Siddhanta proclaimed by Eomaka, more 
accurate is Savitra and the two remaining ones are far 
from the trutli.” The summary of the PaildmaJia 
Siddhanta exhibits the teaching of the Vedahga stage 
but adds the epoch of 2 ^aka (=A.D. 80). The 
Ydsiahtlia Siddhanta appears to represent the transition 
stage. It alters the longest day rule and introduces 
shadow calculations, and the lagna or ‘ rising sign ’ 
notion ; while the other three introduce, unequivocally, 
the Greek teaching. The main characteristics of the 
Eomaka Siddhanta are — 

{a) A cycle of 2850— 19 xl60 years, perhaps based 
on the Metonic cycle. 

(6) A year of SOff* 5*' 65"' 12", winch is exactly 
the tropical year of Hipparchus. 

(c) The epoch of 427 Saka (==A.D. 505). 

(d) Omission of mention of epicycles. 

1 Alblruni wiites (i, 1C3) : “ PauliSa-Siddhanta, so called from 
Paulisa tlio Greek, from tlio city of Saintra, wliioli I suppose to bo 
Alexandrin..” 


P 
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Tlie PauUsa SiddMnta gives the elements of mathe- 
matical astronomy and in irarticular introduces trigono- 
metrical functions and a table of sines agreeing with 
Ptoletny’s table of chords. 

The Surya Siddhanla is jirobnbly the best known 
astronomical work of tlic Hindus. The several sections 
of the accepted l,cxH relate to — 

1. The mean motions of the planets. 2, The true 
places of the planets. .3. The gnomon. 4. I0cli])sc.s. 
5. Planetary conjunctions. G. Asterisms. 7. Heliacal 
risings and settings. 8. Instruments, 9. Time, Cos- 
mogony. 10. Astrology. 

The topics dealt with in moist of the later ITiiidu 
works are fundamentally the same as those of the 
Siifya Siddhanta, and the following lujtes ajiply, fairly 
generally, to all these works. The earth is considered 
as a fixed unsupported sidiere, round which the other 
heavenly bodies revolve. Its diameter i.s given as 
1,600 yojanas, and the distance of the moon as 
51,570 yojanas, or roughly the same relative distance 
as Ptolemy gives (61J- radii of the earth). The 
distances of the other planets are calculated on the 
assumptiojr that they move with ct[ual velocities. 
The etxuation of the centre of a planet is caloulatodby 
assuming epicycles. A cycle of 4,320,000 years is employ- 
ed. The precession of the equinoxes is explained as a 
sort of lihration, within limits of 27 degrees oast and 

' Varalia Mihira’s summary of this work iliflora in some details 
from the text now in use, e,g., tho length of the sidereal year in the 
two w'ork.s is ; Old Surya Siddhanta 305>' C" 12 30" raodorn 

Surya Siddhanta 36(i<* 6'' 12“ 36"66‘. The to.xt now accepted possibly 
dates from about A.D. 1000, while tho earlier limit for tho original 
Surya Siddhanta is about A.D. 400, 
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west of a fixed position at a rate of 54 seconds a year ; 
and the obliquity is generally reckoned at 21 degrees. 

A great many interesting topics must be omitted 
in this brief sketch of Hindu astronomical theory. 
Aryabhata taught that the earth rotated ujron its axis, 
and a projjer explanation of eclipses, but was not 
ajjproved. The works of Brahmagupta and Bhaskara 
have considerable interest in matters of detail, but do 
not differ fundamentally from the Suri/n Siddhmla. 
Indeed, since the time of composition of this work there 
has been practically no alteration of fundamental 
importance in the Hindu theory. 

At the present time there are three schools of astro- 
nomers : (i) The Saura-paksha, (ii) the Arya-paksha, 
(iii) the Brahma-paksh'a ; and these only differ^ in 
matters of detail. For example, a distinctive feature 
is the. length, of the year® employed. These are — 
(i) Bcmva-pulmlm. year 1165'' 6‘' 12"* BGAGh (ii) Jh'ija 
2 M/i:s/ia year 365*' o'* 12"* 30**. {iii) Bmhma-pahhajmt 
365*1 Qh p2>“ 30'915“. 

The only instruments of practical utility for astro- 
nomical purposes described in ancient Hindu works are 
the sun-dial consisting of a vertical gnomon, and tlie 
clepsydra. An armillaiy sphere is also doscribod as 
an instrument for jmrposes of demo,ustrafcion. The 

1 Really tlin difiorentiaiion is a gcographioal one. The Surtja 
SuUhdnla is thn standard authority in tho greater part of India, 
but tho first Anja-Siddhdnia is tJio auUiority in tho Tamil and 
Malayalam countries of Southern India, while Brahmagupta is 
followed in Oiijarat, Rajputana and North-West India. 

- Theoretically, at least, the year is a sidereal one, hut there is 
■some vaguene.s.s, and there are no records of the methods by which 
the results were attained. 

1 ? 2 
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only Hindu instrument of any antiquity actually 
found is a clepsydra consisting of a metal bowl floating 
in a vessel filled witli water. Tlicrc is no trace of 
any early Hindu observatory. 

Muslim Aslronmmj. 

Tlie Muslim astronomers frankly acknowledged 
their indebtedness to Greek writers. Indeed they were 
to some extent the direct successors of the Greeks in 
intellectual matters,^ and the historical ])roblems of 
their astronomy are much less com]')lioated than is the 
case with the Hindus. In the middle ages iJioy wore 
the foremost astronomers of the world. They accepted 
the fundamental features of the Ptolemaic system 
of the universe. They wore aware of the precession 
of the equinoxes, and discovered the slight movement 
of the apogee of the sun, and also they perceived the 
variation in the obliquity of the ecliptic. They dis- 
cussed the possibility of the earth rotating on its own 
axis, but generally rejected the theory. 

They fully realised the necessity for methodical 
observation, and in practical astronomy, they excelled 
the Hindus and Europeans of their time. The first 
series of regular observations, with the aid of fairly 
accurate instruments, appears to have been made at 
Gondeshapur, in the south-west of Persia, in the first 
years of the ninth century of our era. During the 
Califiate of al-Ma’mun (A.D. 813 — 833), at the observa- 
tory at Baghdad, all the fundamental elements of tlie 

^ Possibly they owed something to India also. See my History 
of Hindu Astronoiny, §46, 
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Almagest were verified — the obliquity of tbe ecliptic, 
the precession of tlie equinoxes, the length of the solar 
year, etc. A measurement of an arc of the meridian 
in the region of Palmyra was also carried out during 
the same ])eriod, and similar observations cf)ntinucd 
to be nuido througlumt the Muslim world until the 
middle of the fifteenth century. The observatory at 
Cairo was founded in the tcjith century, and the obser- 
vations there were recorded in the ‘ Halciinid Tables.’ 
I]i Persia an observatory was foimded, in A.D. .1074, 
at Naisribur, and there, in A.D. 1118, al-Khazini 
complied his ‘ Sanjaric Tables.’ In 1259 a great observ- 
atory was founded at Maragha in North-West Persia, 
and there Nasir al-Din-TusI (mentioned by Jai 
Singh), prepared his famous ‘ Ilkhanic Tables.’ 

The practical view taken by the Muslim astronomers 
led to attempts to improve the instruments in use, and 
to the design of others. 

With Ulugh Beg, the grandson of Tamerlane, the 
study of scientific astronomy throughout the Islamic 
world ceased. Ho founded a large observatory at 
Samarqand, to which he summoned such renowned 
astronomers as Jamshid al-Kashi (mentioned by Jai 
Singh), Kadi Zado, al-Humi, ‘Ali al-^usji, and others. 
He undertook a complete revision of the catalogue of 
the stars — based upon direct observation — and himself 
wrote a preface to the tables, a few months before he 
perished by an assassin’s hand. Jai Singh professedly 
followed Ulugh Beg in his astronomical work. 

The names of many Muslim astronomers of the 
nnddlo ages, such as Ibn Sina or Avicenna, al-Biruni, 
Omar Khayyam and Averroes, are well known. 
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European Astronomy. 

Ill Eui'ojic, after tlie death of Ptolemy in the second 
century of our ora, very little advance was made for a 
thousand years. The Christian churcli often opposed 
scientific enlightenment, and sometimes ])crs(K!utod 
those who sought it ; and the patristic writings contain 
the grossest of astronomical absurdities. 

But, about the thirteenth century, sounder oj)iuions 
began to prevail, and in the early part of the sixteentli 
century Copernicus wrote his Do RevoluUunibus Orbimii 
Code.slnm. Tycho Brahe, Kc])lcr, and Galileo ])reccdod 
Jai Singh by about a century. Greenwich observatory 
was founded some forty years before that at Delhi. 
Newton’s Prineipia was written at the time of Jai 
Singh’s birth ; Huygens died a few years later ; Flam- 
steed’s catalogue of stars was first printed in 1()88; 
llalloy, in 1705, predicted the return of tins oomei; 
named after him ; the aberration of light was discovered 
in 1727. Jai Singh succeeded to the Amber territory 
in 1G99, and the Delhi observatory was built about 
1724. 

The European instruments, at the beginning of tlic 
seventeenth century, were, in principle, much the same 
as those used by the Greeks and Arabs. Tycho Brahc^ 
(15'lG-lGOl) had several sextants and quadrants, a 
parallacticuui and annillary circles; Hevelius (1011 - 
1687) had a somewhat smaller battery of similar instru- 
ments ; and Flamsteed (1646-1720) used a quadrant 
of 3 feet and a sextant of 6 feet radius. 


^ See DaEYEE’s Ti/cko Brahe, xii, 316 ft 
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The telescope was used for the general observation 
of teavenly bodies in 1609 by Galileo, and telescopic 
sights were first systematically used about A.D. 1667. 
Gascoigne was probably the first {circa A.D. 1640) to 
introduce these, and he also invented a nucrometer. 
Hevclius introduced the vernier and tangent screw ; 
hlfunstccd used cross wires in the eye pieces of his 
sighters ; Galileo had used a pendulum for short time 
measurements ; Huygens devised a pendulum clock 
(1656), and Jean Picard (1620-1682) introduced regular 
time observations at the new observatory at Paris. 
J. D. Cassini (1625-1712), it is stated, devised schemes 
(never realised) for the construction of gigantic instru- 
ments. 

The three schools comfared. 

The Hindus, Arabs and Em’opeans all derived the 
fundamentals of their astronomical science from the 
Greeks, It was the Hindus who first profited by Greek 
experience, then the Arabs and lastly the Europeans. 
The last, indeed, obtained their knowledge of Greek 
astronomy primarily through the Arabs. 

When wo examine carefully the methods of the 
several schools we find somewhat marked differences. 
Even among the Greek astronomers [e.g., Ptolemy 
himself) there was a distinct tejidency to work only 
on the observations recorded by their predecessors, and, 
in the later Greek schools, there was a consequent 
neglect of observational astronomy. With the Hindus 
this tendeircy was emphasised to a remarkable extent, 
and practical work was neglected almost completely. 
The instruments they describe are cither for purposes 



80 A GUIDE TO THE OLD OBSERVATOEIBS 


of theoretical calculations, or for purposes of demonstra- 
tion. They built no observatories and they made no 
systematic records of observations. 

The Arabs and other Muslim astronomers took an 
entirely different line. They recognised the value of 
practical observation ; they built observatories and 
devised improvements in the instruments, and set uhout 
verifying and correcting i’tolemy’s elements ; but they 
hardly suspected the need for a re-examination of the 
Greek theories. 

The Eru'opean astronomers were, jmrhaps, not quite 
so bound by tradition as were the Hindus and the Arabs. 
The death of the Ptolematic theory and the invention 
of the telescope gave a great impetus to research, and 
the European astronomers largely discarded the methods 
of their predecessors. They recognised the inevitability 
of observational error, and devised means to counteract 
it ; they were forced to coiisidcr, as of great importance, 
facility of observation, and gradually they devised 
instruments of types unimaginable to their Arabic 
teachers. 

The evoluLion oj Jai Singh’s insirumonts. 

The history of the evolution of Jai Singh’s astro- 
nomical instruments would, if it could be recorded 
step by step, be of great interest ; but detailed descri])- 
tions of the larger Muslim instruments are Jiot generally 
available, and we must, for the present, be content 
with general indications of the lines of development. 

^ Generally speaking, Jai Singh’s instruments are cojries 
of, or direct developments from, those used by Ulugh 
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Beg and his predecessors and successors. The flat 
astrolabe played an important part. Jai Singh’s first 
attom];)t at im])rovomont was apparently the construc- 
tion oJ: huge astrolabes, such as that shown in plate II, 
and the construction of large graduated circles. He 
had some excellent Arabic and Persian models but the 
metal instruments he had constructed do not appear 
to be ol that fine workmanship that adds so much to 
the value ot many of the mediaeval astrolabes. As 
far as can be gathered Jai Singh did not use the ordinary 
sextant and quadrant instruments, such as were used by 
Nasir al-Din Thai, Tycho Brahe, Mamsteed, and others. 

It has been related how he discarded brass instru- 
ments and pinned his faith on large immovable masonry 
instruments ; and some of these he claims to have 
devised himself. As has already been pointed out, the 
basic idea was not peculiar to Jai Singh. The Arab, 
Persian and Tartar astronomers had constructed huge 
instruments ; and they had formulated the notion 
that the only bar to accuracy of observation was the 
limit imposed by circumstances on the size of the instru- 
ments. Jai Singh was prepared to carry out the idea 
on which this proposition is based, to, what he thought, 
a reasonable extent. 

The bases of the designs of Jai Singh’s instruments 
are always obvious, but he showed very considerable 
ingenuity in the actual constructions. The Jai PrakaS 
is practically the hemisphere of Berosus, somewhat 
elaborated, and the Samrat Yantra may also be con- 
sidered as evolved from that instrument. This only 
means, however, that the dial of Berosus was of a 
very general nature. It consisted of a hemispherical 
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bowl, placed ’ivith ibs rim horizontal, and in the centre, 
and in the same plane as thehorizontal edge, \vas fixed 
a bead, whose shadow on the concave surface of the 
hemisphere marked the trace of the sun’s diurnal 
path. The resemblance to the Jai Pralrai^; is strildjig 
enough, but it is doubtful whether Jai Singh had any 
knowledge of the earlier instrument : he could only 
have learnt of it from the Muslim astronomers 
al-Battam, who refers to the pihiciplc of tiie instru- 
ment). The Jai Praka6, however, is something more 
than the bowl of Berosus, for it is fully graduated, 
and appears to have been based upon the Muslim 
instrument known as nl-Masdtarali, descriptions of 
which are found in the works of the Muslim astro- 
nomers.^ 

In the British Museum are many dials of the seven- 
teenth and early eighteenth centiuics constructed 
exactly on the same principle as the Sainrat Yantra. 
The direct origin of the tangential scales on the gnomon, 
for measuring tlie declination of the sun, is not known, 
although Ibii Yunus, and other Muslim writers on astro- 
nomy, had worked out the tlicory.^ Hindu astronomers 
did not employ the tangent function, and refer to no 
other dial than the vertical gnomon, and to no other dial 
measurements than the length of the shadow. They 
made no direct angular measurements, and an angular 

1 See L. A. Sedillot’s Menwire sio- les inslrvmenls aslroiwiniques 
des Arabes, 161 f. ; also a description by nl-Barjendl ; also Biagravo’s 
Ah of DtjaUing, 1009. One section of Blagrnve’s book is — “ How 
to make a dyall on a concave hemisphere of a globe two soveral! 
waies,” and the second way is that of tho Jai Prakas. 

® Indeed they worked out the eoinpleto theory of the Iiorizontal, 
vertical, inclined, cylindrical and conical dials, etc. 
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dial would have been almost contrary to the spirit of 
their teaching^ 

The other iustriiinciits that can be attributed to 
Jai Singh’s genius are the JJigaiiisa Yantra and .Ram 
Yaiitra, bub those, are simply onlargomonts, in masonry- 
work, of the azimuth and combined azimuth and alti- 
tude instruments of the Muslims. 


The proilominaling influence. 

The actual jioiiits of contact betrveen Jai Singh’s 
astronomical work and that of his predcccs.sors and 
eontomporarics have l)een generally indicated. Jai 
Singh himself was a Hindu and had Hindu assistants, 
the mo,st notable being Jagaimatli, who, liowever, 
it secjms, was employed, because of liis knoAvlcdgo of 
Arabic — a somewhat unusual qualification among the 
Pandits of the day.^ Jai Singh refers to one Hindu 
asti'onomei' by name, who was, however, renowniid 
because of his knowledge of Greek methods. Jai Singh 
was, iro doubt, rvell acquainted with the works of the 
Hindu astronomers, but ho docs not seem to have 
made much direct use of them. 

Jai Singh had certain Muhammadan assistants, 
he was acquainted with the chief astronomical works 

* 1,'liis is a curious point in tlio liistory of soicnoe. Tlin Hindus 
Kiiomed to avoid diroot angular moasnromouts, and thoir matliRinali- 
cal works contain no tliooroin.s or rules rulating l(j angles {soo my 
Indian Mdlhe.matics, page 20). 

2 It is rolatod that Jai Singh was rcproaoliod witli tlic statoinent 
that tho Paiidit.H, who protended to groat loarning, wore entirely 
ignorant of Arabic Bcholarship. Ho thorenpon jiroduocd Jaganniith, 
who translated, from tho Arabic, Euclid’s Ekimnis, and Ptoloiny’a 
Almaaest. Soo Sudhak.uu Dvivjedi Qaiyikataraurjini p. 102 f. 
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of tlie Muslims, lie brought one of their star catalogues 
up to date, and lie cojjied the instruments of the obso):- 
vatoiy at Samarqand. His immmi'y instriunents 
were designed after the notions taught by tfie Muslim 
astronomers, and had absolutely notliing in oomiuon 
with those described in Hindu works. He stmt certain 
of his assistants to Europe to get books and information ; 
he invited Europ ean p riests to visit him, and he ob tained 
European tables. 

We may leave out for the moment the question of 
European influence, as Jai Singh was really only on the 
border line of that influence, and consider the Hindu 
and Arabic schools. The characteristic diflerence 
between these is connected with practical work. The 
Hindus were practical astrojioiners only in so far as they 
could calculate, from a given starting point with given 
rules, the positions of the planets, ecli])ses, etc., with 
some accuracy. This, of course, implies a very con- 
siderable anioiuit of knowledge and skill ; but the Hindus 
had no instruments of precision of their own before 
Jai Singh’s time ; neither were they interested in making 
practical obervations of the heavenly bodies. Their 
rules and the elements given in their approved works 
sufficed them. The standpoint of the Muslims was 
entirely different : they were particularly interested in 
the verification and correction of previously recorded 
results. They built what were then the finest observa- 
tories in the world, and they perfected the astrolabe 
to an extraordinary degree. 

The diftcrence between the two schools is too well 
known to need elaboration ; and the category into which 
Jai Singh’s work places itself is perfectly clearly indi- 
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oatecl ; and tlio liypotlicsis that he received his main 
astrf).uoinical iii,s])iri.itioii from Hindu tradition is com- 
])letely eliminated. TTo lollowed “ tlie martyr prince, 
Mii'Ka Ulugh Beg ” of Sainarqand. Since both the 
Ifiudus and Muslims obtained their astronomy from the 
(JveekvS, th.cy have much in common, but the work of 
Jai Singh was exactly of that nature which differentiates 
between the two schools ; and, what the Muslim astro- 
jiomers had, and, what Hindus lacked, attracted Jai 
Singh. Ill his work there is no point of contact with 
Hindu astronomy that did not also toucli the work of 
the Muslims, while, on the other hand, there are many 
points of contact between his work and Muslim astro- 
nomy that arc remote from the teaching of the Hindu 
schools. 

Jai Singh’s apparent indifference to European 
achievements is rather remarkable ; but, it must be 
borne in mind that, he, very probably, only became 
acquainted with their results after he had conceived, 
and partially carried out, his scheme of astronomical 
research. His tables, it is supposed, were completed 
about A.D. 1728, and the observatory at Delhi had been 
built a few years previously. It was in 1728 or 1729 
that Jai Singh sent Padre Manuel and others to Europe, 
and in 1734 he was visited by Father Eoudier and his 
companion. These dates might he considered sufficient 
to account for Jai Singh’s neglect of the European dis- 
coveries, hut there is possibly another explanation. 
Galileo died a prisoner of the Inquisition in 1642, and 
his hooks were not removed from the Index until 
A.D. 1835 : More recent European discoveries might 
thus have been discredited in Jai Singh’s eyes, and 
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he would, at any rate, have found it difficult to 
reconcile the persecution hy authority, on the one side 
with the claim to hrilliant scientific discoveries, on the 
other. 

Jai Singh began Ills work at a time when European 
astronomers had arrived at, what may he termed, tlu! 
modern conception of the universe. The discoveries 
of Copernicus, Kepler, Galileo and Newton had been 
accepted, and scientists were settling down to work 
out, in detail, the results of these discoveries. 
Flamsteed’s great catalogue was completed just as 
Jai Singh began his work. But in the special circum- 
stances of his experience, it is not surprising that Jai 
Singh refused to follow the lines of research indicated 
by the European astronomers. Had ho done so, his 
power and his wealth might have enabled him to alter 
the whole condition of Indiaai scientific scholarship, 
and, instead of his labours ending with his death, 
when “ science expired on his funeral i)yvc,” thci’o 
might have been established a lasting school of research. 
The troubled condition of the country, and the general 
state of civilization in it, were antagonistic to the 
progress of science, and Jai Singh’s work is now only 
a tradition, and his observatories are archscological 
remains. 

That Jai Singh made no new astronomical discoveries 
is hardly a fair criterion of the value of his work ; for, 
indeed, a great deal of the most valuable astronomical 
work is not concerned with new discoveries. His 


^ Soe also De Morgan’s A Budcjelof Paradoxes, in which numerous 
works opposing thq ‘ Newtonian theory ’ are referred to. 
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avowed object was the rectification of the calendar, 
the prediction of eclipses, and so on — work wliicli 
entails a groat deal of labour, and generally shows no 
I'cinarkablo achiovemeut. Cojisidering the state of the 
country in which Jai Singli lived, the political anarchy 
of his time, the ignorance of his oontcin])orarics, and 
the (lilIiculti(jH in the way of transinissioji of know- 
ledge, his scheme of astrojiomical work was a notable 
one, and his observatories still form noble monuments 
of a I'omarlcable personality. 
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The elements fca: this table were Idnaiy supplied by the Superintendent ot the Trigonometrical Surrey of India, 
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The equation of time is given to the nearest second 
for 0 hours Greenwich mean time of alternate days of 
tiro months (1919). For intermediate times propor- 
tionate parts will give approximately correct results, 
(The histruments give at their best readings correct 
only to, say, half a minute of time). The equation of 
time is to be ajDplicd to mean time in accordance with 
the signs as given in the table. 

To obtain the difference between dial time and 
standard time add the quantities in the fourth column 
of table I to the equation of time. For example, to 
deduce dial time from standard time on October 13th 
at Delhi add to standard time — 21 min. 8 sec. -(-13 min. 
30 sec. or — 7 min. 38 sec. 


Table III. — Hindu Measures 


(50 prativipalas 
10 vipalaH 
00 vipalaa 
00 pains 
00 ghapkas 
Also 2 glia{is 


8 yav.as 
24 angulns 
4 hnataa 
2000 danda 
4 kroila 


Divisions of the day. 
1 vipala 
1 pirapa 

1 iinla or vinadika, 


Length. 
1 angula 
1 hasta 
1 danda 
1 Icro^a 
1 yojaua 


0’4 seoonda, 
4'0 sooonds. 
24‘0 seoonda. 
24 minutes. 

1 .solar day, 
48 minutes 
and 30 
mukurtas 
r= 1 day. 

?= finch. 

= 18 inches. 

6 feet. 

= 4,000 yards 
= miles, 

Ct2 


1 ghati, niidika, danda »= 
1 divasa, dina, viiaara = 
1 mulmrla, = 
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GLOSSARY. 


Alhidado. — (Ar. Hdmlalh ‘ door post ’] The ‘ sighter ’ of an asfcro- 
laiK!. 

Almagest. — [Ar. lil rmjisii, tlio greatest]. Ptolemy’s work — 
tlio I'^yniaxis, 

Almuoantarats [Ar. maqantarat]. Circles of altitude, parti- 
cularly on the astrolabe. 

Amss.—Diviaion, degree. 

Angula. — A digit. A mcasuro of length approximately =| 
inch. 

‘ ankabut. — [‘ spider ’]. The opon-work rotating tablet of an 
(iHtrolabu. 

Astrolabe.— [Ar. iisturlilb C!k. ’astrolahos]. See page 23. 

Azimuth. — [Ar. ul-sammul, pil. of m,mt,‘ way ’J. Anglo botwoon 
the meridian and vortical circle passing through the body. 

Chakra. — Oirolo. 

Chakra yantra. — Circular dial. 

Dakshina. — On tho right or south. 

Dakshinovritti yantra. — A fixed meridian circle. 

Declination. — Tho distance from the equator moa.sured on a 
great oirelo passing through tho poles. 

Diganisa Yantra . — [diS quartor, direction ; aASa division, degree 
of are]. An instrument for measuring horizontal angles or 
aziniutlis. 

Equation of time. — Tho correction to be added to the apparent 
solar time to obtain the mean solar time. 

Equatorial. — 'A revolving astronomical instrument whose 
fixed axis is parallel to the earth’s axis. 
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Faras. — [‘ Horse ’]. The wedge which fastens the parts of an 
astrolabe together. 

6hat!. — A sixtieth part of a day, i.e., 2i minutes. 

Gola. — Sphere. 

Jantar. — ^Yantra, q. v. 

Jantar Mantra.— Name for tho Dolhi Observatory (Mantra has 
here no speoiflo meaning). 

Jai prakas. — A hemispherical dial designed by Jai Singh. 

Kapala. — A boAvl. A hemispherical dial. 

Kranti vritta.' — TIio ecliptic. 

Krantivritti yantra. — An instriiniont for measuring celestial 
latitude and longitude. The Twductum of Regiomontanus. 

Local time. — Tho truo solar time at a partioular locality. Dial 
time. 

Misra yantra. — Mixed instrument. See page 36. 

Nakshatra. — A division of the ecliptic. A constellation. 

Nari yantra. —Sun-dial. 

Pala. — Oirc sixtieth of a (jltali., or 24 seconds. 

PrakS,sa. — Manifestation, elucidation. 

Ram yantra. — A circular uistrumont for measuring altitudes and 
azimuths. 

Rasi. — A sign of the zodiac. 

Rasi valaya. — A sot of 12 dials of the same type as tho Samrali 
Yantra— one, for each sign of tho zodiac. 

Samrat. — [mmrdj, supremo ruler]. 

Samrat Siddhanta. — Name of a Sanskrit translation of the 
Almagest. 

Samrat yantra. — ^Namo of Jai Smgh’s chief mstrument, an 
equinoctial dial. 

Shashtamsa. — Consisting of sixty degrees. 

Siddhanta. — Any canonical text-hook or solentiJIo treatise; 
especially on astronomy. 

Solar time. — The mean solar day is the average of all tho solar 
days of tile year. The dificrence between apparent solar 
time, and mean solar time is termed the ‘ equation of time.’ 
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Standard time is the local time of a slanflard meridian. In 
India the standard meridian is 82° 30' cast of (Jroonwich 
and standard time is C| liours earlier than CIroonwioli mean 
time. 

Torauetum. — An instrument for moaHuring celestial latitudes 
and longitudes. 

Ttiquotrum. — An instrumiiiit (-.onsistiug (jf two arms of equal 
longtli hiugerl together, witli a third graduated arm opiio- 
sito to the liinge 

Unnatamsa yantra. — iunmla, nlovated]. A graduated circle 
with vortieiil a.xis, h>r measui'ing allitucles, etc. 

Valaya. — A eirele. 

Vortical circle.— Any circle ])asBiug tlirough the zenith and 
cutting the hoi'izon at riglit angles. 

Vfitta. — Hound, circular. 

Yantra. — Instrument. 

Yantra raja. — Hindu namo tor the icstrolabo. 

Zat al-lialga. — C'onsi, sting ot a jnng.’ 

I^at aI“Sata‘ih. — ‘ Ooiesisting of tablets.’ 'Jllio astrolabe. 

Zal al-Shu’hataiu. — ^Aii inslrmneut consisting cf two parts. 
H’lm Iriqudnaii. 

Zlj. — AHtrouomical table. 

Zlj Muhammad Shahi. — Astronomical tables named after the 
Emperor Mul;ammad (Sjiiih. 




INDEX. 

[The references are to the pages.) 

A 

‘Abderrahmiln b. ‘Omar, Abu’l — ^Hussain al Sufi (c!. A.D 
1080) 0. 

Abclorralirniin Abu‘l Hasan ibn Yunis (A.D. 958ff.) 82. 
Aborkaa=Hipparohua 4. 

Alu-i-akbari 11. 

Akbarnama 11, 12. 

Albiruni. Nfic Muhammad b. Alimad Abu’l Riliaii. 
Albategnius. &lce Muhammad b. Jabir b. Siiiiin al-Battani. 
Alfonsino tables 17, 

Alhidado 28. 

‘All b, Muhammad al-Saijid al-Sharif al-Gurgani (A.D. 1340-1414) 

6 , 11 . 

Almagest 3, 77, 83, 

Almucantarats 23. 

Angular calculations : not used by the Hindus 83. 

‘ aukabut, ‘ spider the ecliptic tablet of an n.sttolabo 23. 
Aperture dial. See shashtamaa yantra. 

Arabic astronomy 76 seq. 

Aranea. See ‘ankabut. 

Aryabhata (A.D. 470 b.) 76. 

Arya-paksha 76. 
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Arya-siddhanta 76. 

Astrolabe : 2 1 ; porfootod by Muslims 21, 84; used by Jai 
Singh 22, 81 ; Hindu 24 ; at Jaixmr 21, 40, 47 ; at Kapur- 
thala 21. 

ATanti=Djiain q. v. 

Azimuth instruments 29, 46, 63, 69. 


B 

BaillyJ. 8.(1733-1703)68. 

Barker, Sir R. account of Benares observatory 68, 02, 03, 03. 
al-Battani. Sec Muhammad b. Jabir b. Sinan, 

Benares observatory 16, 66 seq. 

Bentley J, 69. 

Berlin observatory 17. 

Borosus : dial of 81. 

Boudier, irathor 0. 6, 17, 40, 62, 85. 

Brahe. See Tyolio Brahe. 

Brahmagupta (A.D. 598 b.) 76. 

Brahma-paksha 76. 

Burrow 11. 20, 24. 


C 

Carr-Stephen 42. 

Oassmi G. D. (A.D. 1025-1712) 79. 

Chakra-yantra 47, GO. 

Chandradhar Guleri 7, 50, 93. 

Chaucer’s Treatise on the Astrolabe (A.D. 1391) 22, 61. 
Clepsydra 76. 

Colebrooko H. T. 69. 

Copernicus (A.D. 1473-1643) 78, 86. 

Cunim and Conimandine 7. 

Cycle : five-year 71, 72 ; Metonic 73 ; of 4,320,000. years 74. 
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D 

Dakahino-vj'iUi-yantra 37, 40, 62, 68. 

Banicll T. & W. 41. 67. 

D’Aiivilki 8, 04, 

Bay, longili o£ 72. 

Bolhi olworvikory 16, 32 Roq. 

Be Morgan 80. 

Dialw . iSf.n Samriifc yanti’a and Nari vnlaya yantras. 
DigatiiAa yanlm 20, 46, 63, 69. 

BikshH B. B. 09, 70. 

Broyor J. L. E. 47, 78. 


E 


Epinyolca 74. 

Errors in iiiRtrumonls 14, 26 ; in European tallies 12, 17. 
Euclid (/?.. 300 B.C.) 3, 7, 11, 83. 

European aHtronomy 78 ; its inllucnco on Jai Ringli 86. 
European instruments 18, 78. 

European works used by Jai Singh 3, 6-?. 


f 

Eanshawo li, C. 42,^ 

Earas or ‘ horso ’ 23, 24, 01. 

Eigueredo, Father 8, 17. 

Elamateed J. (A.D. 1040-1720) 3, 0, 17, 18, 78, 86. 


G 


Galileo (A.D. 1604-1042) 79, 86, 80, 
Geographical elements 89, 
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Garrett A. ff. 7, 60, 93, 

Gola-yantra 4. 

Gower 22. 

Greek astronomy 08 .se(i. 

Greonwioh olisorvatory. 

al'Gurgani. See ‘Ali b, Muhammad al-Saijid al-SharIf, 


H 


Hadley’s quadrant 22. 

Halley (A.D. 1000-1742) 17, 78. 

Hendley, Col. X. H. 50, 94. 

Hevolius (A.D. 1011-1087) 17, 78. 

Hindu astronomical instruments 24, 75, 80. 
Hindu astronomy 07 seq. 

Hindu infiuonoQ on Jai Singh’s work 83. 
Hipparchus (o. 130 B.O.) 4, 10, 

Hire P. do la. See La Hire. 

Hunter W. 7, 9, 34, 40, 52, 64, 66, 00, 04, 93. 
Huygens (A.D. 1029-1096) 78. 


I 

■Ibn Yuni.9, See ‘ali b. AbderrahmSn abu’I Hasan b. Yunis. 
Iftikhar Khan 21, 

’Ilkhanic Tables 0, 77. 

Instruments : errors in 14, 26 ; European 18, 78 ; evolution of 
,lai Singh’s 80, 81 ; Flamsteed’s 18 ; Hindu 24 seq., 76 ; 
,lai Singh’s 20 seq. ; masonry 24 seq. ; metal 20 seq . ; size of 
14, 16, 24, 26, 81. 
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J 

Jacobi H. 69, 70. 

JaganmTth i., 25, 38, 83. 

Jaggat iSiiigh of Jaipur 3. 

Jai-praku6 16, 27, 36, 44, 82. 

Jaipiiu' oily 47 ; obaorvatory 16, 42 Boq. 

Jai yingli (A.D. 1086-1743) 1 .seq., 

Jamaliid b. Mes’ud Ohyatli al-Din al-Kiisla (A.D. 1437 b.) 6, 
11, 77. 

Jesuit records 8. 

Jones, Sir W. 69. 

Jijolislui Vcddnga 68, 71. 


K 

Kapala 28, 45. 

Kapurthala : iiustrumenta at 21. 
Karka-rfiHl-valaju'i 37. 

Kliaqaill tables 6, 11. 
al-Ku«lii. See .lamshid b. Mea’ud. 
Kepler J. (A.D. 1671-1030) 78, 80. 
al-Kindi. 14. 

Knobel E. B. 6. 

■Kotah : instruiuent.s at 20. 
Kranti-vritti-yaiitra 47. 

Krittika 70. 


L 

La Hire P. do 3, 5, 17. 

Laplace (A.D. 1749-1827) 69. 
Latitudes 89. 

Leiden observatory 11 032) 17. 
Letlrea kdifiantes, etc. 8, 17, 93. 
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Libration 76. 
Longitudes 89. 


al-MajiRli. Bee. Almagest. 

Maiimandira at Lenares 66, 01. 

Miin Singli of Arabor 60. 

Maiiuol, Padro 7, 17, 86. 

Maragha observatory. 0, 77. 

Matliura observatory 10. 

Maulanaohand 12. 

Motal instruments 20 soq. 

Mi^ra-yantra 31, 38. 

Muhammad — 

b. Ahmed Abdu’l Riluiu al-Bituiii (A.D. 973-10-18) 14, 73, 77. 
b. Jabir b. Sinan al-Battilni (A.D. 929 d.) 82. 

Malidi 7, 

Shah 9, 13, 19. 

Sharif?. 

Mulachand. See Maulanaohand. 

Mural quadrants 37, 40, 62, 81. 


N 


Nalcahatraa 70. ■ 

Napier, Don Juan = J. Napier 7. 

Nari-valaya-yantra 30, 46, 63, 69. 

Nagir al-DIn al-Tusi (Muhammad b. M. b. al-Hasan, Abu Jti'far, 
A.D.‘120M273) 6, 11, 14, 77. 

Newton, Sir Isaac (A.D. 1643-1727) I, 78, 86. ' 

Niyat-yantra 36, 
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‘Omar b. Ibrahim al-Khaiyami (A.D. 1040-1124) 77. 
Olough Bog. 6'oe Ulugli Bog. 
von Orlioh 36, 41. 


P 


'Panclmsiddliantika 08. 

Paris ObacrValory (1007) 17. 

PatiliSa Siddhania 68, 74, 

PicardJ. (A.D. 1020-1082) 79. 

Plauete 71, 72, 74, 

Playfair J. 69. 

ProooBsion of the equinoxes 75. 

Pruisop J. 61, 62. 

Ptolemy, Claudiiia (//. A.D. 140) 3, 4, 11, 74, 79, 8,3. 


Q 

Qiiiidrants : muj’al 37, 40, 52, 81, 

R 


Itam yiiutra 14, 28, 36, 45. 
Easi-viilaya-yuntra 31, 44. 
Eofraotion 6. 

Reinhold (A.D. 1511-1663) 17, 
Restorations 42, 50, 64. 

Rote. 23. 

Ricu C. 9. 

Bomahi Siddhania 68, 73. 
Rudolphine tables 17. 
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S 

St. PcterfllJurg obRervatory (172.5) 17, 
Samavqnnd obacii'vatory 14, 77. 
Samrat-yantra 16, 26, 33, 43, 62, 57, 82. 
Samriiti-Hidclhanta 4. 

Saurii-palcslia 76. 

S6dillot E. A. 14. 

S6dillob L. A. 82. 

Sextant 18, 78, 81. 

Shaslitam^a yantra 31, 44. 

Sines : table of 74. 

Strobel, Andrd 8. 

Sudliakava Dvivedi 83. 

al-Sufi. Sea ’Abderrahmau b. ‘Omar. 

Surya Prajnapti 68, 72. 

Surya SiddMnia 08, 74. 

Suter H. 11, 12, 14. 

. Syed Ahmad Khan 38, 41, 93. 

. Sylvn, Don Pedro do 9. 


T 


' Tablets 23. 

Tabulae Asironomicae of La Hire 5, 17. 

Tangents 26, 82. 

■ Telescope 79. 

Telescopic sights 79. 

Thibaut G. 69. 

Thorn W. 34, 41. 

Tieflentlialer : 8 ; on Jaipur observatory 48 ; on Djjain obser- 
vatory 64. 

Tiklc B, G. 69. 
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Time : equation of 90 ; ineasurea of 91. 
Tod Col. I, 2, 20, 39, 93. 

Torquotum 47. 

Triquetrum 14. 

Tycho Brahe (A.D. 11)40-1001) 17, 47, 77. 


U 

Ujjain : tlio Greenwich of India 66-56 ; observatory 16, 61 seq. 
Ulugh Bog (A.D. 1304-1449) 3, 6, 13, 14, 19, 77, 86. 
Unnataiiife-yantra 46. 

Upsala observatory (1730) 17. 

Uraniborg (Tycho Brahe’s observatory 1576) 17. 


V 

Varaha Miliira (A.D. .787 cl.) 68, 74. 
VSsiskfJia SiddMnia 73. 

Vedio astronomy 69, 71. 
Vitlainayus — Ptolomseus. 6, 


W 


Weber A. 69. 

Whitney W.D. 69. 

Williams J. L. 60, 61, 62, 63, 64, 93. 
Wolf R. 47. 
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Yanlra Raja = Astrolabe 46- 
Yavanas 4. 
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Year : length of 71, 72, 73, 74, 76. 
Yunan 4. 
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Zarqali aatrolabe 20, 21. 

Zia al-Din b. Mulla Qasim 21. 
Zij Muhammad SluVd 9, 19, 66. 
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